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Out in front... 


in treatment 


More physicians write prescriptions for Raudixin than for all other 
forms of rauwolfia combined. The reasons for this choice are sound: 


SQUIBB RAUWOLFIA 


e Raudixin contains the standardized whole root of 
Rauwolfia serpentina. There is no definite evidence 
that any alkaloid or fraction has all the beneficial actions 
of the whole crude root. 


e Raudixin lowers blood pressure moderately, gradually, 
stably. It also slows the pulse and has a mild sedative effect. 


e Raudixin is the safe hypotensive agent. It causes no 
dangerous reactions and almost no unpleasant ones. 


e Raudixin is often effective alone in mild to moderate 
hypertension of the labile type. In more severe cases it is 
effectively combined with other hypotensive agents. 


50 and 100 mg. tablets, bottles of 100 


*RAUODIXIN’ 1S A TRADEMARK 
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“All children showed prompt clinical improvement.””* 


TABLETS 


REMANDEN. 


PENICILLIN WITH PROBENECID-THE NEW ORAL “LONGER-ACTING” PENICILLIN 


ACTIONS AND USES: REMANDEN is a longer- 
acting oral penicillin preparation, providing 
plasma levels which compare favorably with 
those obtained by the injection of procaine 
penicillin. Penicillin plasma levels in a group 
of 20 children treated with REMANDEN were 
above .03 unit per milliliter three hours after 
administration — the average was ten times 
higher than the minimum inhibitory level for 
the beta-hemolytic streptococcus found in 
scarlet fever.’ 


TWO DOSAGE STRENGTHS: 100,000 or 250,000 
units of crystalline penicillin G and 0.25 Gm. 
of probenecid (Benemid®) per tablet. 
Adults—4 REMANDEN tablets initially, then 2 
every 6 or 8 hours. 
Children—On the basis of 0.025 Gm. of Bene- 
mid probenecid per kg. (2.2 lb.) of body 
weight—usually 2 to 4 REMANDEN—100 tablets 
daily. 

SUPPLIED: Vials of 12 and bottles of 100. 
REFERENCE: 1. J. Pediat. 42:292 (March) 1953. 
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increases the usefulness of oral aminophylline 


In the form of AMINODROX, three out of four pa- 
tients can be given therapeutically effective ora/ doses 
of aminophylline. 

This is possible with AminoDRrox because gastric 
disturbance is avoided. 

Now congestive heart failure, bronchial and car- 
diac asthma, status asthmaticus and paroxysmal 
dyspnea can be treated successfully with ora/ amino- 
phylline in the torm of AMINODROX. 

Aminodrox Tablets contain 1 1/2 gr. aminophylline with 2 gr. 
activated aluminum hydroxide. 

Aminodrox-Forte Tablets contain 3 gr. aminophylline with 4 
gt. activated aluminum hydroxide. 

Also available with 1/4 gr. phenobarbital. 
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of hyperacidity with TREVIDAL® 


Prescribe Trevidal to protect your patients from the damag- 
ing and irritating action of excess hydrochloric acid. Trevidal, 
neutralizes gastric hyperacidity immediately, effectively, and 
safely and also coats irritated stomach surfaces. Trevidal pro- 
vides in each pleasant-to-take tablet calcium carbonate, mag- 
nesium carbonate, aluminum hydroxide, and magnesium 
trisilicate, balanced to avoid constipation, diarrhea, or alkali- 
nosis, plus Regonol,** a unique vegetable gum which supplies 
demulcent action, and Egraine,{ a protein binder which pro- 
longs the antacid activity. Trevidal is available in boxes of 


100 tablets. 


*Cyamopsis tetragonoloba gum tTrade Marks 
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BLOOD SULFA CONC. 


l 2 4 6 7 10 13 


HOURS AFTER Ist DOSE 
Dosage Schedule 
SULFOSE ) 4 Gm. initially 4 Gm. initially 4 Gm. initially 
oe metine 
Triple Sulfa “B’ § 1 Gm. 6 hrs. later ) 2 Gm. 6 hrs. later 1 Gm. 6 hrs. later 


High where height counts,? SULFOSE blood levels foster antibacterial 
action where therapy counts—within the infected tissue of the 
urinary system.? For SULFOSE promotes clinical response through 
the potent additive attack of three sulfapyrimidines (sulfadiazine, 
sulfamerazine, sulfamethazine) characteristically high in blood and 
tissue concentrations . . . low in renal risk. 


Indicated in all infections due to sulfonamide-sensitive organisms. 


1. Berkowitz, D.: Antibiot. & Chem. 3:618 (June) 1953. 2. Jawetz, E.: California 
Med. 79:99 (Aug.) 1953. 3. Cecil, R. L., and Loeb, R. F.: Textbook of Medicine, 
W. B. Saunders Co., Philadelphia, 1951, pp. 963-967. 4. Sophian, L. H., and 
others: The Sulfapyrimidines, Press of A. Colish, New York, 1952. 


RiP S ULFONAMIODES Wye 
Supplied: Suspension SULFOSE: Bottles of 1 pint 
Tablets SULFOSE: Bottles of 100 and 1000 Philadelphia 2, Pa. 


Each teaspoonful (5 cc.) and each tablet 
contains 0.167 Gm. each of sulfadiazine, 
sulfamerazine and sulfamethazine. 
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BASIC among broad-spectrum antibiotics 


true broad-spectrum action 

against pneumococci, streptococci, 
. staphylococci and other 

gram-positive and 

gram-negative pathogens 

unexcelled tolerance 

outstanding stability 

high blood levels quickly 

reached and maintained 

may often be effective 

where resistance or sensitivity 


precludes other forms of 
antibiotic therapy 


brand of ¥ tetracycline hydrochloride 
Tetracyn Tablets (sugar coated) Tetracyn Intravenous 
250 mg., 100 mg., 50 mg. Vials of 250 mg. and 500 mg. 


Tetracyn Oral Suspension (amphoteric) Tetracyn Ointment (Topical) 
(chocolate flavored) ¥% oz. and 1 oz. tubes. Each Gm. 
250 mg. per 5 cc. teaspoonful ; contains 30 mg. crystalline 

in 1 fl. oz. bottles containing 1.5 Gm. tetracycline hydrochloride. — 
*English, A. R., et al. : Antibiotics 


Annual (1953-1954), New York, Medical 
Encyclopedia, Inc., 1958, p. 70. 
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686 LAKE SHORE DRIVE, CHICAGO 11, ILLINOIS 


hydrochloride 
@ 


fatizabilit ot flushes 
y, 
“p 
| = 
| rema rin”’ 
| res d 
f we | 
b 
| 
4 
: 
| 
| 
a 
3 


‘Roche’ 
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greater solubility 


Gantrisin is a sulfonamide so soluble that 
there is little danger of renal blocking 
and little or no need for alkalinization, 


high blood level 


Gantrisin not only produces a high 
blood level but also provides a 
wide antibacterial spectrum, 


economy 


Gantrisin is a relatively economical 
antibacterial agent, 


less sensitization 


Gantrisin is a single drug—not a mixture 
of several compounds of fundamentally 
unrelated chemical structure — 

so that there is less likelihood of 
sensitization, 


GANTRISIN® — brand of sulfisoxazole 
(3,4 thy! 5 7 ) 


TABLETS © AMPULS © SYRUP 


LA ROCHE INC. 


Roche Park «+ Nutley 10 + New Jersey 
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Ferrous Sulfate U.S.P. ........................ 45 gr. 
Ascorbic 50 mg. 
Vitamin U.S.P. Units 
Vitamin D....................................500 U.S.P. Units 
Thiamine Hydrochloride...................... 2 mg. 
Pyridoxine 0. 
Niacinamide 
Calcium Pantothenate........................ 
Molybdenum 
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can be administered fairly rapidly intravenously 


without causing marked vomiting... 


The results obtained [with Unitensen] in 


these critically ill patients are gratifying.” 


Solution (Aqueous) 


UNITENSEN 


BRAND O NE ACETATE 


5 all veratrum alkaloid preparations 


Unitensen is available at present as a 
parenteral preparation: Solution (Aqueous) 
Unitensen Acetate, containing per cc. 2 mg. 
(260 C.S.R.* Units) of cryptenamine in 5 cc. 
multiple dose vials. 

*Carotid Sinus Reflex 


1. Finnerty, F. A.: Hypertensive Encephalopathy. GP (in Press). 


IRWIN, NEISLER & COMPANY ¢ DECATUR, ILLINOIS 
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Have YOU 
used these 
modern 


Anticonvulsants? 


If you have, you know that each—used 
wisely, carefully—adds inestimably to the 
scope and progress of treatment of various 
epileptic disorders. If these drugs are not 
yet familiar to you, we ask that you 
remember them. Each has signalled a 
dramatic advance in the field of antiepi- 
leptic medicine . . . each has specific uses, 
advantages. With them, you will be better 
able to fit your treatment to the seizure 
.. . individualize your anticonvulsant ther- 
apy. Write today for literature on any or 
all of these important anticonvulsants. 
Abbott Laboratories, 


North Chicago, Illinois. Abbott 


Homologue to 
prepara 


cases 


For treatment of the 


va; 


A potent antic 
epilepsy; grand mal, 
seizures. Ofte 
forms of therapy have 


organic brain damage. 


An alternate 


tion which 1s often effective in 


to TRIDIONE therapy- 


refractory 


GEMONIL? 


(Metharbital, Abbott) 


A new drug of low toxicity for grand mal, 
petit mal, myoclonic and mixed seizures, 


Effective in conditions symptomatic of 


onvulsant for psychomotor 


petit mal and mixed 


n successful where all other 


failed. 
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Imum convenience 


Most diabetic patients can be 
controlled with appropriate diet and a 
single daily injection of — 


Globin Insulin 


Intermediate action ‘B. W. & Co.® 
Uniform potency 
Clear solution 


For complete 
dosage information 
please write 


Bo BURROUGHS WELLCOME & CO. 
(U.S. A.) INC. 
Tuckahoe 7, New York 
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Film Sealed 


ERYTHROCIN Stearate 


TRADE MARK 


(Erythromycin stearate, Abbott) 


NOW ... FASTER DRUG ABSORPTION 


New ERYTHROCIN Stearate tablets provide excellent drug 
protection from gastric secretions with the new Film Seal* 
marketed only by Abbott—plus a special buffer system. Result: 
Because the need for an enteric coating is eliminated, the drug is 
more rapidly absorbed. 


NOW ... EARLIER BLOOD LEVELS 
Because of the swift absorption, high blood concentrations of 
ERYTHROCIN are reached within 2 hours. (Enteric-coated 
erythromycin affords little or no blood level at 2 hours.) Peak 
level is reached at 4 hours, with significant concentrations for 8 hours. 


LOW TOXICITY 

ERYTHROCIN is less likely to alter normal intestinal flora than most 
other widely-used antibiotics. Gastrointestinal disturbances are rare, 
with no serious side effects reported. 


EFFECTIVE AGAINST RESISTANT COCCI 


ERYTHROCIN Stearate is highly effective against coccal infections. 

Especially recommended when the infecting organism is 

staphylococcus—because of the high incidence of staphylococci 

resistant to penicillin and other antibiotics. Advantageous, 

too, when patients are allergically sensitive to other antibiotics. 
ERYTHROCIN Stearate (100 and 200 mg.) comes 

in bottles of 25 and 100 Film Sealed tablets. Abbott 


*patent applied for 


FOR CHILDREN: 


Pediatric ERYTHROCIN Stearate Oral Suspension. 
Tasty, stable, ready-mixed. 
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Write For 
60-10-70 Diet 
Pads, Weight Charts 
And Professional 
Sample Of 
Obedrin 


S. E. MASSENGILL CO. 


Bristol, Tennessee 
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Obedrin 


Patients can lose weight and maintain 
a restricted diet, in comfort, without 
undesirable side effects « e e 


60 . 10 4 70 EXCESSIVE DESIRE FOR FOOD 


Obedrin offers the full anorexigenic value of 
Methamphetamine to curb the desire for food, 
while counteracting mood depression. Patient co- 
operation is made easier. 


NERVOUS TENSION 

To avoid excitation and insomnia, Pentobarbital 
is the ideal daytime sedative. It counteracts over- 
stimulation by Methamphetamine, but does not 
diminish the anorexigenic action. 


VITAMIN DEFICIENCIES 

Obedrin tablets contain adequate amounts of 
vitamins B, and B,to supplement the 60-10-70 
Basic Diet, but not enough to stimulate the ap- 


petite. 


& EXCESSIVE TISSUE FLUIDS | 


Large doses of Ascorbic Acid aid in the mobiliza- 
tion of fluids, so often an obstacle in obesity. 


BULK NOT NECESSARY 


The 60-10-70 Basic Diet provides enough rough-- 
age, so artificial bulk is unnecessary. The hazards 
of impaction caused by “bulk” producers is ob- 
viated., 


Each tablet contains: 


Semoxydrine HCl........ 5 mg. 
(Methamphetamine HCl) 

Pentobarbital 20 mg. 
Ascorbic Acid . 100 mg. 


Thiamine HCL.............. 0.5 mg. 
1 mg. 
Niacin - 5 mg. 
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Pheochromocytoma 


100 


Blood Pressure, mm. Hg 


150 


causes 
one. curable form of hypertension 


Regitine, 5 mag. I. V. 


eitine”’ 


methanesulfonate 
(phentolamine methanesulfonate CIBA) 


the preferred diagnostic agent 


Because of its specificity, this potent adrenergic blocking 
agent affords an eminently safe, accurate, and simple 
test for the diagnosis of the hypertension-producing 
tumor — pheochromocytoma. 


When it is left untreated, pheochromocytoma is a pro- 
gressive and eventually fatal condition. After diagnosis, 
surgical removal of the tumor effects a complete cure. 
Therefore, “careful consideration of the possible pres- 
ence of a pheochromocytoma in every patient with hyper- 
tension must now be regarded as a diagnostic obligation.””’ 
Testing is quickly and simply done with Regitine. 


The above .chart is a schematic representation of the 
type of response that you can anticipate in the adult 
hypertensive patient who does have a pheochromocytoma. 


For complete information contact your CIBA Professional 
Service Representative or write to the Medical Service Division. 


1. DECOURCY, J. L.: AM. J. SURG., 86:37, JULY, 1953 
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SYNCHRONIZED 


RA PY 


for maximum effect 

When penicillin-dihydrostreptomycin 
therapy is indicated, simultaneous 
single-injection administration of 
Combiotic supplies both antibiotics 
in synergistic combination for 
maximum therapeutic effectiveness. 


High blood levels and broader 
antimicrobial activity recommend 
Combiotic for the treatment of 
certain mixed bacterial infections 
of the urinary and respiratory 
tracts and other infections caused 
by susceptible organisms. 


Supplied in two formulas: 
P-S (DRY POWDER) single- and 
five-dose vials 


1.0 Gm.: 300,000 units penicillin G 
procaine crystalline, 100,000 units 
penicillin G potassium crystalline 
and 1.0 Gm. dihydrostreptomycin. 
per dose. 


0.5 Gm.: same penicillin content 

as above but with only 0.5 Gm. 
dihydrostreptomycin per dose. 
AQUEOUS SUSPENSION : For greater 
economy supplied in “drain-clear” 
five-dose vials; also available in 
single-dose Steraject® disposable 
cartridges—400,000 units penicillin 
G procaine crystalline and 0.5 Gm. 
dihydrostreptomycin per dose. 


PFIZER LABORATORIES Brooklyn 6, N. Y. 
Division, Chas. Pfizer & Co., Inc. 
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RAPID CURES 


of urinary tract infections 


prevent permanent kidney damage 


Infections of the lower urinary tract rarely remain 
localized for any length of time. The kidneys are 
often invaded rapidly unless effective treatment 
is instituted immediately. Hence, the choice of the 
first drug used may decide the fate of the kidneys. 


Furadantin is unique, a new chemotherapeutic 
molecule, neither a sulfonamide nor an antibiotic. 


RAPID ACTION. Within 30 minutes after the 
first Furadantin tablet is taken, the invaders are 
exposed to antibacterial urinary levels. | 


WIDE ANTIBACTERIAL RANGE. Furadantin 
is strikingly effective against a wide range of clini- 
cally important gram-negative and gram-positive 
bacteria, including strains notorious for high 
resistance. | 


— Bottles of 50 and 250. 
Bottles of 25 and 250. 


Scored tablets of 50 mg. 
Scored tablets of 100 mg. “ss 


aemes? Also available: Furadantin Pediatric Suspension, con- 
Waew: taining 5 mg. of Furadantin per cc. Bottle of 4 fl. oz. 


NORWICH, NEW YORK 


brand of nitrofurantoin, Eaton 
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It’s sur-Bex—a potent, pleasant-to-take 
- source of the important B vitamins, dou- 
bly important in these days of diminish- 
_ ing dietaries and missed meals. e We all 
know that the B-complex and vitamin C 
are not stored in large quantities in the 
_ body and are likely to be inadequate in 
the diet. Hence, the need—and hence, 
_ sur-Bex. (What about C? Simple. Pre- 
scribe suR-BEx with C.) e The formula 
_ shows the potency of these supplements, 
_ but not why patients like them so well. 
They’re triple-coated, vanilla - flavored, 
swallow-sized. Bottles 


of 100. Try them. 


quick!... what’s a good B complex? 


sur-Brx? 


(Abbott's Vitamin B Complex Tablets) 


Each SUR-BEX Tablet Contains: 


Thiamine Mononitrate............... 6 mg 
Nicotinamide. ...................-. 30 mg 
Pyridoxine Hydrochloride. ........... 1 mg 
Pantothenic Acid (as calcium 

pantothenate)... 10 mg. 
Liver Fraction 2, N.F. 0.3 Gm. (5 grs.) 
Brewer's Yeast, Dried.... 0.15 Gm. gars.) 


Sur-bex with C contains 150 mg. of ascorbic 
acid in addition to the vitamin B complex 
factors above. 


...or SUR-BEX WITH VITAMIN C 
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AS SOLE. THERAPY 


For every patient with mild, 


moderate, or labile hypertension 


In addition to dropping the blood pressure 
moderately, Rauwolfia serpentina produces 
marked, often dramatic, subjective improve- 
ment. It relaxes the emotionally tense 
patient, gradually inducing a welcome state 
of calm tranquility. 


Headache, tinnitus and dizziness are greatly 
relieved, and the discomfort of palpitation is 
usually overcome. Hence, it usually suffices as 
sole medication in mild, moderate and labile 
hypertension, especially when the emotional 
element is a prominent factor. 


Purified Rauwolfia Serpentina Alkaloids 


Rautensin produces the typical hypotensive, 
sedative, and bradycrotic effects characteristic 
of this important new drug. Each tablet con- 
tains 2 mg. of the alseroxylon fraction, a 
highly purified alkaloidal extract entirely free 
of inert material. The alseroxylon fraction is 
tested in dogs for its ability to lower blood 


pressure, produce sedation, slow the pulse. 

The initial dose of Rautensin is 2 tablets 
(4 mg.) daily for 30 to 60 days. After the full 
therapeutic effect has been established, the 
daily intake is dropped to 1 tablet (2 mg.) 
daily. Side actions are rare and there are no 
known contraindications. 


T T 
Female, age 54 -| 


| 
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Weeks of therapy. Rautensin, 4 mg. daily. Marked subjective improvement. 


SMITH-DORSEY :; Lincoln, Nebraska A Division of THE WANDER COMPANY 
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IN COMBINATION 


Most cardiologists today assert that in severe 
or fixed essential hypertension, combination 
therapy is more efficacious than any single 
drug alone. The combination of Rauwolfia 
serpentina and Veratrum viride is especially 


For the patient with chronic, 
severe, or fixed hypertension 


favored since it results in an additive, if not 
a synergistic, effect. In this combination, the 
dosage requirements of veratrum are signifi- 
cantly reduced, hence the incidence of side 
effects is greatly minimized. 


Rauwolfia Serpentina and Veratrum Viride Alkaloids 


Each Rauvera tablet combines 1 mg. of the 
alseroxylon fraction of Rauwolfia serpentina 
and 3 mg. of alkavervir, a highly purified 
alkaloidal extract of Veratrum viride. The 
potent hypotensive action of veratrum is thus 
superimposed on the desirable influence of 
Rauwolfia. Rauvera leads to a substantial 


8.P. 


reduction in blood pressure and marked sub- 
jective improvement, hence produces excel- 
lent results in chronic, severe, and fixed 
essential hypertension. 

The average dose of Rauvera is 1 tablet 3 
times daily, after meals, at intervals of no 
less than 4 hours. 


| 
2 
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Weeks of therapy. Rauvera, 4 tablets daily. Note blood pressure response. 
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What’s 
about the 


so different 
Viso-Cardiette? 


SANBORN SPECIALIZES. Sanborn’s pri- 
mary and major interest in the medical field for 
the past 35 years has been the design, manufac- 
ture, and servicing of electrocardiographs. 
Sanborn men can therefore concentrate on your 
interest in this type of*equipment. 


THESE ARE THE 


COMPANY POLICIES SANBORN SELLS DIRECTLY. Each of 


the many thousands of Sanborn diagnostic 
instruments in service today has been shipped 
directly to its user. No intermediate sources are 
ever involved between Sanborn Company and 
the buyer. This permits a standardization of 
prices, and the cost of a Viso-Cardiette is the 
same to every physician. 


ECG DESIGN KNOWLEDGE. Sanborn’s 
30 years of specialization and intimate contact 
with the profession’s heart testing needs results 
in a complete and concentrated knowledge of 
electrocardiograph manufacture. 


EXTRA BENEFITS. These stem from the 
Sanborn “direct-to-you”’ policy, and include: 
the bi-monthly “Technical Bulletin’’, which is 
sent free of charge to every owner; the 15-day, 
no-obligation, try-before-you-buy plan; and the 
opportunity to deal directly with the maker of 
electrocardiograph. 


THAT LEAD TO 
THESE ADVANTAGES 


EXTENSIVE COVERAGE. The need to 
keep a close contact with Sanborn owners, and 
those about to be, requires a wide network of 
offices. Sanborn has thirty, one of them near 
you! 


Because Sanborn DEPENDS on your satisfaction, YOU can depend on Sanborn people and 
Sanborn products. Descriptive literature which tells more about the Viso-Cardiette and the 
15-day trial plan is available on request. 


SANBORN COMPANY 


195 Massachusetts Avenue, Cambridge 39, Massachusetts 
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FOR THE 
FIRST TIME 


WYDASE 
IN 
SOLUTION 


This ready-to-use hyaluronidase 
in solution is stable for 2 years 
when stored below 59°F. 

These improvements give 
added convenience to your use 
of WYDASE (hyaluronidase, 
Wyeth) in hospital and office 
practice. 

WYDASE is highly valuable in 
hypodermoclyses. . . local anes- 
thesia... sprains... reduction 
of fractures ... reduction of 
hematomas and traumatic swell- 
ings... management of renal 
lithiasis. 


INJECTION 


SOLUTION 


HYALURONIDASE, WYETH 
(STABILIZED) 


SUPPLIED: Vials of 1 cc., 150 TR (tur- 
bidity-reducing) units per cc. 


31 


a 
A 
TL 
® Philadelphia 2, Pa. | 


v 


control edema with 


Dicurin 
Procaine 


( Merethoxylline Procaine with Theophylline, Lilly) 
ready to use - stable - painless on injection 


FORMULA: 


Each cc. contains 100 mg. of ‘Dicurin Procaine’ (equiv- 
alent to 39.3 mg. of mercury and 45 mg. of procaine 
base) and 50 mg. of anhydrous theophylline. 


DOSAGE RANGE : 
0.5 to 2 cc. daily as required. May be given subcuta- 
neously (deep), intramuscularly, or intravenously. 


Eli LILLY AND COMPANY, INDIANAPOLIS 6, INDIANA, U. S. A. 


32 
AMPOULES SOLUTION 
Titty 


The American Journal of Medicine 


VoL. XVI 


MAY, 1954 


No. 5 


Foreword 


EGINNING in June, 1951, United Nations’ 
B troops in Korea encountered an acute 
disease characterized by fever, prostra- 
tion, vomiting, a variety of hemorrhagic mani- 
festations, shock, proteinuria and renal failure. 
The first few patients had been treated recently 
for malaria with chloroquine but an unusual 
reaction to this drug was soon eliminated asa 
cause for the clinical manifestations, as was 
leptospirosis (Weil’s disease) which has several 
obvious similarities. 

However, a disease knosvn to the Japanese as 
epidemic hemorrhagic fever and to the Russians 
as epidemic hemorrhagic nephroso-nephritis or 
Far Eastern Hemorrhagic Fever,* had been 
described in two U. S. Army technical bulletins 
on Korea and Manchuria (TB MED 208, 1945 
and TB MED 216, 1946). Captain John Craig, 
M.c., Preventive Medicine Officer of the U. S. 
X Corps., in the fall of 1950 requested that 
further information on this disease be obtained 
from Japanese sources, and in 1951 he compiled 
a brief summary of this material. Captain Ralph 
M. Takami then translated a number of Japa- 
nese medical articles on the disease, interviewed 
several Japanese investigators who had worked 
with it, and prepared a review of the subject 
which was distributed to medical personnel 
throughout the Far East Command. Based on 
this information, and as more and more cases 
developed, it was soon recognized that this 

* A considerable literature on epidemic hemorrhagic 
fever exists in the Russian and Japanese languages. How- 
ever, because of inaccessability of these papers, references 
in this symposium are limited to those in English. A 
bibliography of world literature on epidemic hemorrhagic 
fever is available in an excellent monograph.' This 
reviews available literature not only on epidemic or Far 
Eastern hemorrhagic fever but also on four other separate 
and distinct hemorrhagic fevers that occur in Russia. 
The Russians report that some of these are tick-borne 
virus diseases. 

1 GaypusEk, D. C. Acute infectious hemorrhagic fevers 
and mycotoxicoses in the Union of Soviet Socialist 


Republics. Medical Science Publication 2, Walter Reed 
Army Medical Center, Washington, D. C., May, 1953. 
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unusual clinical syndrome was indeed epidemic 
hemorrhagic fever. A summary of information 
on the disease available through 1952 has been 
published in a U. S. Army technical bulletin 
(TB MED 240, 1953). 

This disease was apparently first described by 
the Russians who encountered it in Far Eastern 
Siberia in the middle 1930’s. Russian investiga- 
tors in a series of well planned studies demon- 
strated that the disease could be reproduced in 
human volunteers by the intravenous adminis- 
tration of blood or urine obtained from patients 
up to but not after the fifth day of illness. Serial — 
passage in humans was also obtained. They 
further found that the incubation period was 
generally ten to fifteen days, that a single attack 
conferred immunity and that the disease- 
producing agent would pass through a size N 
Berkefeld filter. However, the Russians were 
unable to establish the disease in experimental 
animals. Closely parallel results were obtained 
by Japanese workers in experiments conducted 
independently at the same time. More extensive 
American efforts to transmit hemorrhagic fever 
to a wide variety of possible experimental 
hosts, including tissue cultures, likewise have 
failed. Nor has it been possible as yet to develop 
specific diagnostic tests. 

Study of the mode of transmission of hemor- 
rhagic fever has been handicapped by the 
inability to establish the disease in experimental 
animals. Nevertheless, extensive and interesting 
entomologic? and epidemiologic* observations 
suggest that hemorrhagic fever may be trans- 
mitted to man by rodent ectoparasites such as 
fleas, mites, ticks and chiggers. Of these, chiggers 
seem best to fit the observed epidemiologic facts. 


2 Traus, R., Hertic, M., Lawrence, W. H. and 
Harriss, T. T. Potential vectors and reservoirs of hemor- 
rhagic fever in Korea. Submitted for publication in Am. 
J. Hygiene. 

3 GauLp, R. L. and Craic, J. P. Epidemiological pat- 
tern of localized outbreaks of epidemic hemorrhagic 
fever. Am. J. Hygiene, 59: 32, 1954. : 


‘ 
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Prior to the recent military campaigns in Korea, 
cases of hemorrhagic fever had been reported 
only in the drainage area of the Amur River 
which separates Far Eastern Siberia from Man- 
churia. It is not known whether the disease 
existed unrecognized in Korea prior to 1951 
or whether it spread to Korea secondary to the 
recent military campaigns. So far, the vast 
majority of cases in Korea have been contracted 
north of the 38th parallel, with practically 
no cases reported south of the city of Seoul and 
the Han River. The natural reservoir of hemor- 
rhagic fever is thought to be one or more types 
of field rodents, such as field mice, voles and 
hamsters. 

Although the mode of transmission of hemor- 
rhagic fever is not definitely known, the circum- 
stantial evidence cited warranted a trial of con- 
trol measures that had proved effective in scrub 
typhus, a disease which is transmitted by chig- 
gers. There has been a substantial decrease in the 
number of cases of hemorrhagic fever in Korea, 
following the institution of such measures, 
except during the fall of 1953 when there was 
a slight increase over the preceding spring out- 
break. It is not yet known whether the decreased 
incidence should be attributed to the control 
measures or to natural phenomena. 

The clinical manifestations of hemorrhagic 
fever are numerous, varied and follow one 
another in rapid and confusing sequence. In 
April, 1952, a special Hemorrhagic Fever Center 
(8228th Mobile Army Surgical Hospital) was 
set up near the area where the majority of cases 
were occurring among the U. S. troops. This 
hospital was moved to a semi-permanent type of 
installation in the outskirts of Seoul in the late 
fall of 1952 and was redesignated the 48th 
Surgical Hospital (Mobile Army). Almost all 
suspected cases were evacuated. to the Hemor- 
rhagic Fever Center by helicopter. This afforded 
an excellent arrangement for the careful study of 
this disease. Accordingly, a number of studies 
were initiated by the medical officers of the 
Hemorrhagic Fever Hospital and by visiting 
teams of investigators. The results of many but 
not all of these studies are reported in the various 
papers of this symposium. It should be appre- 
ciated that these studies were initiated under 
field conditions in a mobile tent hospital and 
were carried out for the most part during an 
epidemic by medical officers who were responsi- 
ble for the care of a heavy load of seriously ill 
patients often requiring almost constant medical 
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attention. Despite this, and despite many prac- 
tical difficulties such as the problem of obtaining 
stable electric current from field equipment for 
scientific instruments, a remarkable body of 
data was collected over the few months of the 
fall 1952 epidemic. 

Many of these studies would have been im- 
possible without the unstinting assistance of the 
nursing staff and of the medical corpsmen, both 
in the laboratory and on the wards. All the 
authors of this symposium join in expressing 
their gratitude and admiration for the many 
ways in which material assistance and sound 
and fruitful advice and guidance were given by 
the medical departments of the 8th Army and 
the Far East Command, by the 406th Medical 
General Laboratory in Tokyo, the Army Medi- 
cal Service Graduate School and the Commis- 
sion on Hemorrhagic Fever. 

There are probably few if any acute infectious 
diseases which require greater attention to 
physiologic disturbances than epidemic hemor- 
rhagic fever, nor in which close and thoughtful 
medical observation and devoted nursing care 
are more important; the degree to which these 
qualities were apparent at the Hemorrhagic 
Fever Hospital was most impressive and stimu- 
lating, for no specific treatment for hemorrhagic 
fever has been found to date. Convalescent 
serum and whole blood, and a variety of anti- 
biotics and other agents have had little or no 
beneficial effects. 

It will be noted that hemorrhagic fever occurs 
in arather limited geographical area. Hence very 
few Western physicians will have occasion to 
treat patients with this disease. Nevertheless, as 
will be apparent from study of this symposium, 
a number of lessons applicable to other, more 
familiar diseases may be drawn from a study 
of hemorrhagic fever. The many and varied 
physiologic and biochemical derangements char- 
acteristic of hemorrhagic fever, together with 
the unique pathologic findings, have more gen- 
eral implications. They have already suggested 
a number of concepts regarding mechanisms of 
disease that probably operate in more commonly 
encountered disorders where, however, they 
are too subtle or too infrequent to have de- 
manded formulation and study hitherto. 


Davip P. EARLE, M.D. 
New York University 
College of Medicine, 
New York, N. Y. 
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ORE than 1,000 cases of epidemic hemor- 
M rhagic fever, one of a group of severe 
febrile illnesses previously described by 
Russian and Japanese physicians but unfamiliar 
to Western medicine, occurred among the 
United Nations forces in Korea during the fall of 
1951.!-5 A special hospital was estalgjshed in 
Korea the following spring for more intensive 
investigation and treatment of patients with this 
disease. In the spring 1952 outbreak 613 cases 
were hospitalized for study. Clinical observa- 
tions on these patients formed the background 
for more detailed investigation of 264 patients 
with hemorrhagic fever admitted in the outbreak 
occurring in the fall of 1952. The purpose of this 
report is to describe the clinical course of hemor- 
rhagic fever as observed particularly in patients 
in the latter half of 1952. 
In Korea almost all cases occurred among 
_ troops serving in forward areas, the greatest 
incidence being in those sectors with a heavy 
growth of grass and brush and infested by a large 
rodent population. The prevalence of the disease 
showed a distinct seasonal trend. (Fig. 1.) The 
spring outbreak in 1952 began about the end of 
April and reached a peak in early June, declining 
in July and August. The fall outbreak began in 
late September and reached its peak in Novem- 
ber. Few cases were seen from December to April. 


The clinical course of hemorrhagic fever may 
be arbitrarily divided into four phases, each 
designated for a _ characteristic physiologic 
aberration: (1) febrile, (2) hypotensive, (3) 
oliguric and (4) diuretic. It should be recognized 
that there is considerable variation among pa- 
tients, not only in the incidence of various 
manifestations of the disease but also in the 
severity of the individual phases. The criteria 
by which the severity of the different phases was 
classified as mild, moderate or severe are indi- 
cated in Table 1. Almost two-thirds of the 264 
patients observed in the fall epidemic had a mild 
over-all course. Three-fourths of these were 
mild in all phases of their illness but a few 
experienced a severe diuretic phase and pro- 
longed convalescence. Fourteen per cent of the 
patients were considered to have had a severe 
over-all course, the typical clinical and labora- 
tory manifestations being shown schematically in 
Figs. 2 and 3. All phases of the disease were 
severe or moderately severe in most of these pa- 
tients but an occasional patient would have mild 
febrile and hypotensive phases only to develop 
serious complications during the oliguric and 
diuretic phases. 

1. Febrile Phase. Approximately 20 per cent 
of the patients described vague prodromal symp- 
toms which in general resembled mild upper 


* From The Medical Service of the 48th Surgical Hospital (Mobile Army). Presented as part of a Symposium on 
Hemorrhagic Fever before the 38th Parallel Medical Society, Uijongbu, Korea, April 5, 1953. Requests for reprints 
should be addressed to Dr. David P. Earle, New York University College of Medicine, New York 16, N. Y. 

{ Present address: Fitzsimons Army Hospital, Denver, Colorado. 
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respiratory infections or gastrointestinal upsets 
prior to the development of fever and prostra- 
tion. However, in the majority of instances the 
onset was abrupt with chills and fever, lethargy, 
weakness and sometimes dizziness. Within a 
few hours the patient was more or less prostrated 
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tion of the abdomen. A few patients presented 
neck pain and some muscular stiffness suggestive 
of meningismus. 

On physical examination the patients ap-. 
peared to be acutely ill, with an erythematous 
flush of the head, neck, shoulders and upper 
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Fic. 1. Seasonal incidence from April, 1952, to January, 1953, during two 
outbreaks of hemorrhagic fever. Cases seen at the Hemorrhagic Fever Center, 


Korea. 


and began to have marked thirst and anorexia. 
Nausea and vomiting sometimes occurred at 
this time but usually developed a few days later. 
Headache, usually frontal or retro-orbital, fre- 
quently occurred early and was occasionally 
associated with pain on movement of the eyes 
and photophobia. Generalized aching was also 
an early complaint. Dull, low lumbar aching, 
and diffuse, non-localizing abdominal pain 
were common; in a few instances abdominal 
pain was so severe as to simulate an acute condi- 


thorax. Blanching occurred on pressure over the 
erythematous areas and dermographism could 
be demonstrated. The conjunctivae were in- 


jected and on the third to the fifth day some 


patients developed conjunctival petechiae. Sub- 
conjunctival edema was infrequent in the initial 
phase. Subconjunctival hemorrhage, frequently 
noted in the past,*~® was a rarity in our experi- 
ence, perhaps because of earlier evacuation of 
patients to the hospital together with avoidance 
of excessive fluid intake.’ Petechiae were also 


TABLE I 
CRITERIA FOR ESTIMATING SEVERITY OF THE VARIOUS PHASES OF HEMORRHAGIC FEVER 
Criteria for Severity 
Phase Observation 
Mild Moderate Severe 
Max. temperature °F. 100-103 104 105 or more 
Febril Days temp. over 100°c. 1-5 6 7 or more 
Petechiae, flush, injection 0-1+ 2-3+ 4+ 
Max. WBC count < 14,500 14,500—30,000 | 30,000 or more 
Max. hematocrit ) to 50 51-56 57 or more 
Scie Min. systolic B.P. 96-120 81-95 80 or less 
ypotensive | Hours of hypotension less than 24 24-47 48 or more 
Min. platelets 90,000 or more | 40,000—89,000 | 39,000 or less 
Min. hematocrit 45 or more 35-44 34 or less 
: Max. systolic B.P. 140 or less 141-169 170 or more 
Oliguric and | Days of hypertension less than 1 1-2 2 or more 
diuretic Max. BUN 20-79 80-149 150 or more 
Days of proteinuria to 4 4-5 5 or more 
Max. daily urine vol. 3,400 or less 3,500—4,900 | 5,000 or more 
Days to 12-hour urine concentration test of sp. gr. 
33 or less 34-54 55 or more 
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seen on the skin, usually in the axillary folds and 
occasionally over the face, neck and upper 
thorax. The soft palate was usually diffusely 
reddened, as were the tonsils, but without sore 
throat. The presence of a palpable spleen was 
unusual and was generally attributable to 


PHASE— FEBRILE 
i 
FEVER H 


changes, and the usual duration of several im- 
portant features during the febrile and hypo- 
tensive phases of hemorrhagic fever, are shown 
schematically in Figures 2 and 3. The incidence 
and usual duration of signs and symptoms are 
indicated in Fig. 4. 
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Fic. 2. Course of certain clinical manifestations of severe hemorrhagic fever— 


schematic. 


malaria, which coexisted in about 1 per cent of 
the patients. A moderate generalized lymph- 
adenopathy sometimes was noted about the 
second day. 

The temperature characteristically fluctuated 
during the day. The day of highest fever occurred 
earlier in the milder instances of hemorrhagic 
fever than in the severe cases. In general, the 
degree of flush, fever and conjunctival injection, 
as well as the number of petechiae, correlated 
quite well with the over-all severity of the illness. 

Laboratory studies during the febrile phase 
did not reveal any striking abnormalities. Some 
patients had a normal or slightly decreased white 
blood cell count but most developed progressive 
leukocytosis with an increased number of 
myeloid elements. Barbero et al.* have demon- 
strated the early presence of myelocytes and 
metamyelocytes which reach a peak about the 
seventh day, after which lymphoid elements pre- 
dominate. Myeloblasts were only rarely seen. 
In a few instances white blood cell counts of 
100—200,000 have been encountered. Blood 
platelets usually began to decrease in the febrile 
phase. Eosinophil counts showed prompt and 
significant fall in all except the severely ill pa- 
tients.* Examination of the urine showed no 
abnormalities until about the fifth day, at 
which time proteinuria appeared, usually quite 
abruptly. 

The times of first appearance and of maximum 
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2. Hypotensive Phase. During the last twenty- 
four to forty-eight hours of the febrile phase, 
about the fifth day of illness, hypotension or 
shock may occur. In the milder instances only a 
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Fic. 3. Course of certain laboratory measurements in 
severe hemorrhagic fever—schematic. 


transient fall in pressure was seen which lasted 
a few hours. Such patients showed only slight 
decrease in pulse pressure, slight elevation of 
hematocrit and no significant reduction in 
platelets. Patients who developed clinical shock 
exhibited greater changes in these measure- 
ments. If high fever was present or persisted 
during shock, the prognosis was usually poor. 
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Fic. 4A. Duration and average percentage of the principal symptoms of hemorrhagic fever. 
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Fic. 4B. Duration and average percentage of the principal signs of hemorrhagic fever. 
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Among moderately and severely ill patients 
hypotension or shock began later but persisted 
for one to three days. 

As can be seen in Figures 2 and 4 many of the 
signs and symptoms present in the febrile phase 
persisted into the hypotensive and later phases. 
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rather rapid onset of marked proteinuria. A 
patient may have a negative or 1 plus reading in 
the morning and 4 plus proteinuria that evening. 
Slight microscopic hematuria was frequently 
seen. The previously normal specific gravity of 
the urine began to fall at this time and in two or 


mm. Hg. 
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Fic. 5. Differences in maximum hematocrit and platelet changes occurring during 
the hypotensive phase. Maximum hematocrit differences were recorded during the 
hypertensive phase. Minimum hematocrit differences were recorded during the 
hypotensive period. Differences in pulse pressure are shown during the hypo- and 
hypertensive periods. All findings are depicted in relation to over-all severity of 
illness. Hollow bars, severe; cross-hatched bars, moderately severe; solid bars, mild. 


Symptomatically, myalgia, lumbar backache, 
anorexia, dizzniess and nausea with or without 
emesis were prominent complaints. Headache 
diminished but thirst persisted. Some patients 
were apprehensive, others were very restless or 
developed confusion, delirium and coma toward 
the end of this phase. On examination at this 
time the patient usually presented many or all of 
the signs seen during the febrile phase. It is 
particularly noteworthy that most patients had 
warm, dry skin and extremities in the initial 
stages of the hypotensive phase. These became 
cold and moist as the systolic pressure decreased, 
the pulse pressure narrowed and the shock be- 
came more profound. Tachycardia was a 
valuable sign of shock, for a relative or absolute 
bradycardia was common in the milder in- 
stances of the disease. 

At this stage of the disease an increase in 
hematocrit with no change in the total serum 
protein level was found,® reflecting a loss of 
plasma through damaged capillaries. This 
process probably accounts for the edema of the 
bulbar conjunctivae and the abdominal and 
lumbar pains. 

About the fifth day all patients, irrespective 
of the degree of severity of the disease, showed a 
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three days was usually around 1.010. Oliguria 
now developed and the blood urea nitrogen be- 
gan to increase. These changes occurred even 
though shock or hypotension may not have de- 
veloped.!%!! Other laboratory studies disclosed 
an increased white blood cell count, usually with 
the previously described leukemoid reaction. 
Blood platelets decreased to minimum values, 
often below 70,000 per cu. mm., in the more 
severely ill patients. (Fig. 5.) Clot retraction 
might be delayed and bleeding time prolonged. 

3. Oliguric Phase. As the patient recovered 
from hypotension the blood pressure often re- 
turned to the normal range but in some instances 
increased to hypertensive levels within a short 
time. This was associated with a widening of the 
pulse pressure, a decrease in pulse rate and a 
return of the hematocrit to normal or low normal 
values. 

Although oliguria may have developed earlier, 
especially in those who experienced shock, this 
feature now became prominent in almost all 
patients. The oliguria appeared to be more 
or less proportionate to the over-all severity of 
the disease. The blood urea nitrogen increased 
rapidly, and electrolyte abnormalities such as 
hyperkalemia, hyperphosphatemia and hypo- 
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calcemia often developed in the more severely 
ill patient. The hypocalcemia was not associated 
with tetany. Acidosis was rarely severe, for some 
curious reason. 

Symptomatically, the patient continued to be 
weak, thirsty, have backache and some head- 
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Fic. 6. Principal laboratory data depicting altered 
renal function, in comparison with over-all severity of 
illness. Hollow bars, severe cases; cross-hatched bars, 
moderately severe cases; solid bars, mild cases. 


ache. Nausea and emesis were troublesome in the 
more severely ull patients. Physical examination 
of the patient at this time disclosed that many of 
the previously described signs had disappeared. 
Although the blood platelets began to increase 
toward normal, hemorrhagic manifestations 
such as gross hematuria, and less commonly 
ecchymoses, subconjunctival hemorrhages, he- 
moptysis and bleeding from the gastrointestinal 
tract, now often became more prominent. One 
patient had an estimated hemorrhage of over 
1,500 ml. from the upper gastrointestinal tract. 
Only a few patients required blood transfusions. 

Toward the end of the oliguric phase or with 
the onset of diuresis about the seventh day in 
moderately ill patients and the ninth or tenth 
day in severely ill patients, new symptoms may 
appear. These are discussed in more detail in 
another paper of this series!° but the more impor- 
tant include electrolyte, fluid, central nervous 
system or pulmonary complications. The central 
nervous system symptoms may resemble those of 
the uremic state, with weakness and lethargy, 
but more often the patient was restless and 
developed hallucinations, tremors or convulsions. 
A few instances of transient motor disturbances, 
usually involving cranial nerves, have been 
noted. These disturbances seemed to be related 
more often to the degree of hypertension than to 
anything else. Application of tourniquets to the 
extremities or venesection sometimes produced 
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dramatic clearing of the sensorium.!? Although 
the peripheral veins might be distended, venous 
pressures were usually normal at this time'* and 
chest roentgenograms rarely revealed any signif- 
icant cardiomegaly. The pulmonary complica- 
tions are the most dreaded and of fifteen patients 
with these, only two survived.!° 

4. Diuretic Phase. With the onset of diuresis, 
progressive improvement was the rule. During 
this period of increased urinary output the vol- 
ume of urine excreted per day varied with the 
severity of the preceding manifestations of the 
disease and probably with the severity of the 
renal lesion. Although the blood urea nitrogen 
might continue to increase during the first few 
days of diuresis, it then rapidly returned to 
normal. Proteinuria generally disappeared with 
the onset of diuresis. Most patients began to eat 
well at this juncture and to regain the weight 
and strength they lost. 

However, patients who were severely ill prior 
to diuresis sometimes continued to be extremely 
sick and might present a variety of fluid and 
electrolyte abnormalities.14 The considerable 
diuresis in an already dehydrated patient some- 
times rapidly produced such a markedly nega- 
tive fluid balance that shock again supervened. 
Further, many of the complications which de- 
veloped in the oliguric phase occasionally con- 
tinued into or even first arose in the diuretic 
phase. These included pulmonary and central 
nervous system manifestations. Finally, anorexia 
and vomiting might persist unabated. 

Convalescence. Except for polyuria and inabil- 
ity to concentrate urine normally, the majority 
of patients exhibited few if any symptoms or 
signs during convalescence. By the end of two 
months most patients could concentrate their 
urine to a specific gravity of 1.023 or better after 
a twelve-hour period of water deprivation. (Fig. 
6.) None of the patients developed persistent 
proteinuria. 

A few patients who survived an unusually 
severe attack of hemorrhagic fever had a very 
prolonged convalescence. Anemia and impaired 
urinary concentrating ability persisted for more 
than four months in some of these instances. ‘The 
only other permanent residua observed to date 
among these patients resulted from _ central 
nervous system hemorrhages. 

Mortality. The mortality rate indicated by 
Russian and Japanese writers and experienced 
among UN forces in 1951 was about 10 per cent. 
Perhaps because of earlier evacuation of cases 
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and improved management this was reduced to 
about 5 per cent at the Hemorrhagic Fever 
Center. 


ILLUSTRATIVE CASE REPORTS 


CasE 1. This twenty-two year old white, 
American soldier was admitted to the Hemor- 
rhagic Fever Center on December 29, 1952. He 
had been in Korea for five months and had been 
serving with a Signal Company in a forward 
area. Previous health had been excellent. His 
present illness began abruptly on December 24, 
1952, with supraorbital headache, eye pain and 
mild backache. He was seen at his unit dis- 
pensary where his throat was noted to be red- 
dened. For this he was given an injection of 
penicillin. Chills of moderate severity followed 
during that day and night and on December 26, 
1952, he was hospitalized. On admission he was 
quite weak and complained of chilly sensations, 
frontal headache, myalgia and thirst. The tem- 
perature was 102.8°F. and moderate injection of 
the pharynx and palate, together with mild con- 
junctival injection, were noted. The white blood 
cell count and differential were normal as was 
the urinalysis except for a 1-plus protein reaction. 
The patient was treated with aureomycin but 
continued to have a spiking fever varying from 
101° to 102.5°r. On December 28, 1952, the 
urine contained 3-plus protein and the patient 
was transferred to the Hemorrhagic Fever Cen- 
ter on the fourth day of illness. 

On admission chills and fever were subsiding 
and slight headache and backache with gen- 
eralized weakness were the only complaints. 
Physical examination revealed a moderately 
ill patient in good nutritional status. No definite 
flush could be seen in the head and neck region. 
A few fading petechiae were noted on the axillary 
folds. No petechiae or injection could be detected 
in the palate or conjunctivae. Slight enlargement 
of the posterior cervical nodes was present. The 
remainder of the examination was not remark- 
able except that the tip of the spleen was just 
palpable. The white count was 10,300 per cu. 
mm. with 71 per cent polymorphonuclear 
leukocytes of which 19 per cent were band and 
2 per cent were juvenile forms. Succeeding 
counts were within normal limits. Several platelet 
counts varied from 122,000 to 190,000 per cu. 
mm. Proteinuria (4-plus) was noted on Decem- 
ber 28, 1952 and disappeared on December 31, 
1952. Urinary specific gravity on December 26th 
and 28th was 1.023 in random specimens. On 
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December 30th all specimens showed a specific 
gravity of 1.005 but no significant formed ele- 
ments were found. On December 30th the blood 
urea nitrogen was 39 mg. per cent and receded 
to 13 mg. per cent on January 5, 1953. Several 
determinations of serum Na, K, chlorides and 
CO, combining power were all within normal 
limits. A throat culture shortly after admission 
showed alpha hemolytic streptococci and N. 
catarrhalis. A heterophil antibody agglutination 
test was negative. A chest film was normal. 

During the patient’s hospital stay the tem- 
perature, pulse and blood pressure remained 
within normal limits. A mild degree of anorexia 
persisting for three days, in addition to slight 
myalgia and backache, were the only subjective 
complaints. On January 8, 1953, a twelve-hour 
concentration test revealed a maximum urinary 
specific gravity of 1.010. Urinary output aver- 
aged 1,500 ml. until December 30, 1952. After 
this it increased to an average of 4 L. per day 
for three days. On January 15th, twenty-two 
days after onset, the concentrating ability in- 
creased to 1.024 and the next day the patient was 
returned to full duty. 

Comment. ‘This patient presents the typical 
findings and course of a mild case of hemor- 
rhagic fever. No evidence of hypotension or 
capillary leakage of plasma was noted. 

Case ul. This twenty-seven year old white 
American soldier became ill on October 11, 
1952. He had been in Korea ten months serving 
with a unit in a forward area. The present illness 
began with sudden onset of chills, fever, frontal 
headache, backache, anorexia and nausea. In 
spite of these symptoms the patient continued to 
perform duty for two days before reporting for 
sick call. On October 14, 1952 he developed — 
marked weakness and was brought to the dis- 
pensary where his temperature was noted to be 
105°r. Physical findings disclosed a marked 
flush of the head and neck together with a red- 
dened throat and injection of the conjunctivae. 
One injection of penicillin was given and he was 
evacuated to the Hemorrhagic Fever Center. On 
admission the complaints were the same and in 
addition he noted generalized “‘bone pain”’ to- 
gether with blurring of vision. Physical examina- 
tion disclosed an acutely ill patient in good 
nutritional status. He appeared rational but was 
very restless and apprehensive. A mild flush was 
seen over the head and neck and some petechiae 
were noted in the axillary folds. The conjunctivae 
and palate were intensely injected and many 
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petechiae were seen. The temperature was 
104°F., blood pressure 90/78 and pulse 100. 
The remainder of the examination was normal. 

On the sixth day of illness the white blood cell 
count was 41,000 per cu. mm. with a leukemoid 
type of differential. Urinalysis revealed a specific 
gravity of 1.033 with a 4-plus proteinuria. A few 
erythrocytes were seen microscopically. The 
blood urea nitrogen was 35 mg. per cent, the 
hematocrit was 51 and the erythrocyte sedimen- 
tation rate 4 mm./hr. Serum creatinine, CO. 
combining power, sodium, potassium and chlo- 
rides were within normal limits. A chest film was 
normal. 

The patient was placed in Trendelenburg 
position for one hour during which time the 
systolic pressure remained at about 89 mm. Hg. 
A continuous intravenous infusion of L-arterenol 
(40 wg. per ml. per minute) was begun. This 
maintained blood pressure for twelve hours but 
then the pulse pressure narrowed and finally the 
blood pressure became unobtainable. After three 
units of concentrated human salt-poor serum 
albumin had been given the pulse pressure 
widened and normotensive pressure was restored. 
During the next two days the patient continued 
to have a fever of 104°F. and increased hematocrit, 
and required L-arterenol in an average dosage 
of 20-u4g. per minute to maintain blood pressure. 
At the end of this time the patient suddenly 
became restless and cyanotic and his blood pres- 
sure was again unobtainable. Supplies of 
L-arterenol were now exhausted and neo- 
synephrine was substituted. Serum albumin was 
again administered. After thirty minutes 20 
units of pitressin were given but the blood pres- 
sure was still unobtainable. The hematocrit was 
decreasing, and after a transfusion of 500 ml. 
blood the blood pressure slowly returned to 
normotensive levels. The heart rate was 120 
and a gallop rhythm could be heard during this 
episode. The urine output on this day was 390 
ml. with an intake of 3,360 ml. The blood urea 
nitrogen increased to 78 mg. per cent. The urine 
had a specific gravity of 1.022 with 4-plus pro- 
tein. The next day the sensorium cleared and the 
blood pressure was more stable. The neo- 
synephrine infusion had gradually been reduced 
to 3 wg. per minute. The site of a previous arterial 
puncture was now noted to be oozing and a large 
hematoma had formed. The bleeding time was 
three minutes, clotting time twenty minutes 
(Lee-White), clot retraction poor and the 
prothrombin time 50 per cent of normal. The 
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blood platelets were 28,000 per cu. mm. A blood 
volume determination (T-1824 method) showed 
a reduction to 30 per cent below normal. 
The hematocrit decreased to 26. By the end of 
the day another fresh whole blood transfusion 
(500 ml.) was given. After this no further bleed- 
ing from the arterial puncture site occurred. 
Also at this time the patient began having a 
troublesome cough, productive of purulent, 
blood-streaked sputum for which aureomycin 
therapy was begun. 

On the following day (twelfth day of illness) 
the patient slowly improved and became afebrile. 
However, anorexia, nausea and_ occasional 
emesis continued. His blood pressure remained 
at normotensive levels and neosynephrine was 
discontinued. The bleeding and clotting abnor- 
malities had returned to normal save for some 
lowering of the platelets and slight prolongation 
in prothrombin time. 

The patient had in the meantime become 
progressively more oliguric, with an output of 
about 100 ml. urine per day. The blood urea 
nitrogen had risen to 182 mg. per cent. During 
the next few days aureomycin was continued 
and the sputum gradually decreased in amount. 
Because of the marked oliguria and rapidly 
increasing azotemia, the patient was transferred 
on the fifteenth day of illness to the 11th 
Evacuation Hospital where hemodialysis could 
be carried out if hyperkalemia should become a 
serious problem. There were no additional com- 
plaints and most of the previously noted symp- 
toms were subsiding except for continued 
anorexia, nausea and intermittent emesis. No 
remarkable physical findings were present other 
than obvious wasting. Aureomycin was dis- 
continued. The blood pressure had risen to 
150/90. An electrocardiogram showed some 
peaking of the T waves. The serum potassium 
was 5.0, sodium 133 and chlorides 102 mEq./L. 
The CO, combining power was 21 volumes per 
cent. To prevent further hyperkalemia 60 gm. 
of K-exchange resin (SKF-648) was given daily 
as an enema and thereafter the serum potassium 
never rose above 6 mEq./L. Epistaxis occurred 
several times but no other hemorrhagic mani- 
festations were noted. 

Diuresis began on the seventeenth day of ill- 
ness and increased progressively to a maximum 
of 6 L. per day. At this time the blood pressure 
was 170/90, the hematocrit was 27, srum NPN 
427 mg: per cent, CO, combining power 27 
volumes per cent and chlorides 77 mEq./L. 
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Urinalysis revealed a specific gravity of 1.010 
with 2-plus proteinuria. Several grand mal type 
convulsions occurred during the next seven 
days, together with emesis of about 2 to 3 L. per 
day. 

As diuresis continued the patient slowly 
improved, all symptoms subsiding by the twenty- 
second day. Oral intake of food slowly increased 
and he regained strength. The electrocardio- 
graphic and clotting abnormalities returned to 
normal. Several days later the patient developed 
a purulent conjunctivitis which responded to 
terramycin ophthalmic ointment. Pain and 
tenderness were noted in the right calf, along the 
course of the saphenous vein, presumably the 
result of the continuous intravenous pressor 
therapy. This cleared without anticoagulant 
therapy. 

On the thirty-ninth day of illness the patient 
was improving rapidly and was transferred back 
to the Hemorrhagic Fever Center for the re- 
mainder of his convalescence. On readmission 
he was asymptomatic and had no remarkable 
findings aside from obvious wasting. During the 
next month the patient slowly regained weight 
and strength. Ferrous sulfate was given for his 
anemia with a slow but progressive response. The 
urinary specific gravity slowly improved and 
reached a maximum of 1.012 on the sixty-fifth 
day of disease. Because of the marked severity 
of this patient’s illness and the need for pro- 
longed convalescence, the patient was returned 
to the United States for further follow-up. 

Comment. ‘This patient depicts the findings 
and course of a severely ill patient with hemor- 
rhagic fever. The high fever for twelve days was 
unusual. Severe and prolonged shock required 
the use of large amounts of vasoconstrictors 
and serum albumin. The need for transfusions 
was unusual. In the oliguric phase, which 
was profound and prolonged, marked azotemia, 
epistaxis and central nervous system signs, to- 
gether with hypertension, illustrate the classical 
manifestations of the more severely ill patient. 
The marked diuresis and prolonged abnormality 
in urinary concentrating ability indicated a 
marked degree of renal damage. 


DISCUSSION 


The diagnosis of epidemic hemorrhagic fever 
should be entertained when a person who has 
«recently been in an endemic area complains of 
sudden onset of chills, fever, prostration, frontal 
headache, marked thirst and myalgia (par- 
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ticularly ache in the low lumbar region), and qn 
physical examination exhibits a marked facial 
flush, injection of the palate and conjunctivae, 
and petechiae of the conjunctivae, palate, 
axillary folds and waist line. The presence of 
proteinuria and reduction in the specific gravity 
of the urine, together with azotemia, will con- 
firm the diagnosis when other renal diseases 
have been excluded. While these symptoms and 
signs are in no way specific, the clinical picture, 
when full-blown, is quite distinctive. In the early 
phases, however, diagnosis may be difficult, par- 
ticularly in respect to differentiation from infec- 
tions of the upper and lower respiratory tract. 
Cases which eventually proved to be virus 
hepatitis, infectious mononucleosis, malaria, 
relapsing fever, rheumatic fever and leptospirosis 
occasionally were admitted to the Hospital as 
suspected hemorrhagic fever. Meningitis and 
encephalitis were not common but were con- 
fusing since a few cases of hemorrhagic fever, 
all severely ill, were noted initially to have 
meningismus, disorientation and equivocal reflex 
changes. Gastroenteritis, usually due to Salmo- 
nella infection, ordinarily presented no diagnostic 
problem. Of particular importance is the exclu- 
sion of other types of renal disease, such as 
pyelonephritis and glomerulonephritis. Three 
cases were encountered during the period of this 
study which were believed to represent exacerba- 
tions in chronic glomerulonephritis rather than 
hemorrhagic fever. 

A large number of patients were seen who had 
a mild febrile illness without localizing signs or 
symptoms. Blood, urine and stool cultures, 
routine laboratory studies and multiple aggluti- 
nation tests were negative. The patients im- 
proved rapidly and were discharged with the 
diagnosis of “fever of undetermined origin.” 
Some of these patients may indeed have had 
unrecognized mild hemorrhagic fever. 

The abrupt onset of hemorrhagic fever is 
similar to that seen in many acute febrile ill- 
nesses. It might be inferred that this represents 
the period of invasion by the causative agent. 
The generalized manifestations without early 
specific localization suggests wide dissemination. 
The development of hypotension or shock recalls 
the fact, well known to physicians who practiced 
in the pre-antibiotic era, that severe febrile 
illnesses such as typhoid fever and lobar 


_ pneumonia were sometimes characterized by 


hypotension or shock at the time of defervescence. 
This phenomenon has also been described during 
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the course of Rocky Mountain spotted fever and 
typhus and in elderly patients with severe 
pneumonia.!® Vasodilatation has been con- 
sidered to be the principal physiologic disturb- 
ance responsible for the hypotension seen in these 
situations. A similar phenomenon may con- 
tribute to the hypotension of hemorrhagic fever}? 
but, in addition, circulating blood volume is 
reduced through loss of plasma by way of 
damaged capillaries.)’ The possibility that such 
loss of plasma through the capillaries or that 
shock might be related to failure of the pituitary- 
adrenal axis has been considered. Thorn and 
associates!’ have noted diminished sensitivity 
to L-arterenol in adrenalectomized animals and a 
summation of effect when this agent is given 
with corticosteroids. Studies on ketosteroid and 
corticoid excretion in hemorrhagic fever!® indi- 
cate adequate response in the mildly and moder- 
ately ill patients, but in the severely stricken 
group a marked reduction was noted. Whether 
or not this indicates a state of adrenal exhaustion 
is uncertain, since renal function was grossly 
impaired at this time. 


SUMMARY 


1. The clinical characteristics and course of 
epidemic hemorrhagic fever are described on the 
basis of observations made on United Nations 
forces hospitalized at the Hemorrhagic Fever 
Center in Korea in 1952. 

2. The clinical picture is characterized by 
sudden onset, in a person recently situated in an 
endemic area, of chills, fever, prostration, frontal 
headache, marked thirst and myalgias. There is 
a marked facial flush, injection of the palate and 
conjunctivae, and petechiae of the conjunctivae, 
palate, axillary folds and waist line. Proteinuria 
and reduction in specific gravity of the urine are 
present. 

3. The clinical course may be divided into 
four phases, each designated for a characteristic 
physiologic aberration: (1) febrile, (2) hypo- 
tensive, (3) oliguric and (4) diuretic. The pre- 
senting clinical features of each phase are 
described. 

4. Two representative case histories, one 
illustrating a mild course and the other a severe 
attack, are summarized. 

5. The differential diagnosis is briefly con- 
sidered. 
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HE many and varied manifestations of 

hemorrhagic fever have been described 

both in this symposium and elsewhere. 
Several analyses of the pathology of the disease, 
including comments on the causes of death, are 
also available.’~* However, detailed information 
on some of the features and their inter-relations 
has not been extensive or was based on a limited 
number of patients. The purposes of the present 
paper are to present an analysis, from a largely 
clinical point of view, of the causes of death in 
hemorrhagic fever, and to present data on several 
important features and complications that con- 
tribute either to the severity or to the mortality 
of the disease. 


CLINICAL MATERIAL 


The data presented in this paper are based 
upon observations of 828 patients with hemor- 
rhagic fever treated at the Hemorrhagic Fever 
Hospital in Korea during the last nine months 
of 1952. Of the 828 cases{ observed, 479, or 58 
per cent, had one or more of the manifestations 
or complications listed in Table 1 and discussed 
in the following sections. Forty-two per cent had 


t This analysis of complications is based on fewer pa- 
tients than in the companion analysis of the clinical 
course.*® The patients in the present study were limited to 
those admitted in 1952 whereas the clinical study in- 
cluded patients admitted during the first few months of 
1953 as well. 


none of these features. All patients, however, had 
proteinuria and other more minor features of the 
disease, while the vast majority had some degree 
of renal failure. Hence, although very impor- 
tant, renal failure is not included in the list of 
manifestations. 


TABLE I 
COMPLICATIONS IN 828 CASES OF HEMORRHAGIC FEVER* 


No. of Per 
Patients cent 


Hypertension.................. 208 
Hypotension without shock....... 118 14 
Hemorrhages................... 90 11 
Electrolyte abnormalities......... 89 11 
Central nervous system 
complications................. 87 11 
Pulmonary complications........ 53 6 


* Renal complications were present in all instances 
but are not included in this classification for reasons stated 
in the text. 


HYPOTENSION AND SHOCK 


Decrease in arterial blood pressure at the time 
of defervescence in hemorrhagic fever may vary 
from mild hypotension to fatal shock. Compari- 
son of patients with clinical shock with those 
who had mild hypotension but no shock were 


* From the Medical Service of the 48th Surgical Hospital (Mobile Army), APO 301. A portion of this paper 
was presented as part of a symposium on Epidemic Hemorrhagic Fever before the 38th Parallel Medical Society, 
Uijongbu, Korea, April 5, 1953. Requests for reprints should be addressed to Dr. David P. Earle, New York University 


College of Medicine, New York 16, N. Y. 


t Present address: Massachusetts General Hospital, Boston 14, Mass. 
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made to elicit, if possible, any differences in their 
clinical courses prior and subsequent to the 
change in blood pressure. 

All of the patients considered to be in shock 
had several or all of the following manifestations: 
lowering of the systolic and frequently of the 
diastolic blood pressure, weak radial artery 
pulsations, tachycardia and prolonged blanch- 
ing time of the skin. Warm, dry skin was usually 
seen initially, the skin later becoming cold and 
moist in protracted or terminal shock, especially 
if treated with pressor drugs. 

One hundred thirty-seven (16.5 per cent) of 
the 828 patients had clinical shock, while 118 
patients (14 per cent) had hypotension without 
shock. A decrease in systolic pressure of at least 
10 mm. Hg to a level below 100 for a minimum 
of two hours was required for inclusion in the 
latter group. Although these patients were 
closely observed for the development of shock, 
none included in this group exhibited the fea- 
tures of clinical shock just described. Hypo- 
tension or shock generally developed between 
the third and eighth day of illness, with an 
obvious peak in incidence on the fifth day. 
Several of the seriously ill patients had a second 
episode of shock in the later phases of their 
disease, generally due to fluid and electrolyte 
disturbances or to severe pulmonary infection. 

As the decrease in blood pressure usually 
occurred at the time of defervescence, it is 
possible that both changes resulted from cuta- 
neous vasodilatation, a hypothesis which has 
been entertained for many years as the cause of 
shock during the crisis of lobar pneumonia.!° 
However, an analysis of the rate of fall in body 
temperature during the twelve-hour period 
preceding the decrease in blood pressure in 
patients selected at random showed no difference 
between those with shock and those with un- 
complicated hypotension. 

The relation of fluid balance to blood pressure 
change was also considered. The average daily 
fluid balance (not including the insensible loss) 
prior to the blood pressure change was deter- 
mined for each group. No significant difference 
in fluid balance was noted in those having only 
hypotension as compared with those in clinical 
shock. In addition, an average daily weight 
loss of 2.4 and 3.4 pounds per day for the shock 
and hypotensive groups, respectively, indicated 
that a large insensible fluid loss occurred among 
patients of both groups. It would seem from 
these observations that a negative fluid balance 
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was relatively unimportant in the genesis of 
early shock in hemorrhagic fever. 

Leakage of plasma out of damaged capillaries 
and resultant decrease in circulating blood vol- 
ume has been proposed as the more important 
cause of primary shock in hemorrhagic fever." 


TABLE II 
EXAMPLES OF SEVERE CAPILLARY LEAKAGE ASSOCIATED 
WITH NO CLINICAL SHOCK AND RELATIVELY MILD 
SUBSEQUENT RENAL FAILURE 


Renal Failure 
Pa- Hypertension 
tient Maxi- | Mini- mum 
mum mum Blood Maxi 
Hema-| Blood | Urea axi- | Dura- 
tocrit | Pressure | Nitro- bonne tion 
gen | pressure | (4@ys) 
N. E. L. 62 124/76 26 132/72 ? 
N. E. W.; 58 110/70 93 170/120 2 
T. D. 58 100/68 97 160/106 4 
C. R. 57 107 /66 45 162/108 1 
P. A. 57 108 /80 52 140/88 ? 
B. L. 57 102/72 77 140/98 1 
F. R. 56 102/70 19 134/98 1 
D. H. —«56 80/40 38 ? ? 
M. O. 56 104/54 68 136/88 ? 
M. A. 56 100/68 96 140/88 ? 


A considerable increase in hematocrit without a 
corresponding change in total serum proteins 
during the hypotensive phase is evidence for 
this phenomenon.'? The average increase in 
hematocrit during the twenty-four hours prior 
to the blood pressure decrease was only slightly 
greater in the shock group than in those with 
hypotension only. The most significant differ- 
ence between the two groups, however, was the 
further hematocrit increase achieved after the 
decline in blood pressure had occurred, being - 
three times greater for the shock group. Assum- 
ing that proteinuria is another manifestation of 
increased capillary premeability, it is interesting 
to note that protein appeared in the urine 


_ slightly before the onset of shock but simul- 


taneously with the onset of hypotension without 
shock. Thus the evidence indicates that plasma 
leakage occurred in both groups to an equal 
degree prior to the blood pressure changes, but 
that after the initial pressure change, loss of 
plasma was greatly accelerated in those in whom 
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a profound blood pressure decrease and clinical 
shock developed. 

Of 193 patients who had frequent hematocrit 
determinations, forty-five exhibited maximum 
readings of 55 or more. In thirty-three of these 
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hypotensive phase and the maximum blood urea 
nitrogen level during renal failure (Table rv) 
reveals some degree of correlation between these 
features but also indicates that there are obvious 
exceptions to the general rule. 


TABLE III 
EXAMPLES OF MILD HYPOTENSIVE PHASE FOLLOWED BY SEVERE RENAL IMPAIRMENT 
(In All Patients 3 to 4 Plus Proteinuria Developed) 


Hypotensive Phase Evidence of Renal Function Impairment 
Maxi- 
Patient | Maxi- | Mini- | Hours ; Maxi- Days ees Mini- Da Maxi- Da 
mum | mum | Blood | | mum | Blood Urine Specific 
Hema- | Blood | Pressure Blood | Pressure <500 | Gravity * 
tocrit | Pressure | <110/60| PUS€ | Pressure |>140/90| Nitro- | Urine | (71) | Diuresis | <4 915 
gen (ml.) (ml.) 
(mg. %) 
F. UW. 46 122/90 0 86 | 170/115 7 118 190 1 3000 18 
G. O. 48 126/90 0 92 | 162/102 5 125 420 2 3500 23 
S. T. 48 106/62 3 88 | 152/94 4 162 140 2 5400 21 
B. E. 49 118/84 0 88 | 170/114 8 105 160 4 5300 27 
Cc. O. 49 110/70 0 76 =| 138/92 0 105 570 0 4900 3 
S. A. 49 106/52 12 84 | 142/100 2 103 0 2 2600 21 
B. R. 49 100/60 4 96 | 140/98 1 100 180 2 2900 15 
R. U. 50 108/60 4 88 | 164/120 6 143 510 0 5100 17 


* Maximum specific gravity of urine after twelve-hour concentration test. 


clinical shock developed. However, marked loss 
of circulating plasma volume as reflected by a 
considerable increase in the hematocrit is not 
necessarily associated with shock or serious 
renal failure. Data from several selected patients 
to illustrate this point are given in Table n1. 
Nevertheless, most of the mortality in hemor- 
rhagic fever occurred among patients who had 
had significant shock at some time prior to 
death. Thus 32 per cent of the 137 patients who 
had had clinical shock either died in shock or 
subsequently of other complications. None of 
the 118 patients who were classified as hypo- 
tensive without shock died, while only three of 
the 573 patients who did not have any decrease 
in blood pressure died. As a group, in those 
patients with shock a more severe degree of 
renal failure developed (mean blood urea nitro- 
gen 148 mg. per cent) than in those with simple 
hypotension (84 mg. per cent). Despite these 
general correlations there were many exceptions, 
as illustrated in Table m which presents data 
from a few selected patients in whom there was 
little or no hypotension or hematocrit increase 
and yet severe renal failure developed. An 
analysis of the maximum hematocrit during the 
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HEMORRHAGIC MANIFESTATIONS 


Hemorrhagic manifestations were impressive 
enough to lead early investigators to name the 
disease after this feature. However, this designa- 


TABLE IV 
RELATION BETWEEN MAXIMUM BLOOD UREA NITROGEN AND 
MAXIMUM HEMATOCRIT IN EIGHTY-NINE CASES OF 
EPIDEMIC HEMORRHAGIC FEVER 


Maximum Blood Urea 
Maximum No. in 
Hematocrit | Group 
Mode Range 
<49 25 60 11-144 
50-59 58 95 15-204 
> 60 6 185 116-210 


tion overemphasizes the incidence of serious 
hemorrhagic complications. Excluding petechiae 
which are common during the late febrile and 
hypotensive phases and which are_ usually 
associated with increased capillary fragility, 
other obvious hemorrhages occurred in only 


a 
| | | 
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ninety of the 828 patients. In forty-seven of 
these the hemorrhagic manifestations included 
relatively minor features such as _ epistaxis, 
ecchymoses or subconjunctival hemorrhages. 
More important manifestations were hema- 
temesis, melena, hemoptysis and gross hema- 
turia but even these rarely caused any real 
concern, blood transfusions being required 
in only a handful of patients. Hemorrhages into 
the central nervous system, however, could 
produce serious or fatal results. 

Although thrombocytopenia is common and 
atits maximum during the hypotensive phase, 
the correlation between blood platelets and the 
degree of shock, the maximum hematocrit and 
the incidence of moderate to severe (gross) 
hematuria is far from precise. Moderate to 
severe hematuria, however, did appear to be 
related to the degree of hemorrhage into the 
renal pelvis or ureter as described in the autopsy 
protocols of the thirty-nine fatal cases in whom 
examination of the urine was possible with 
reasonable frequency. In no instance did 
moderately severe or gross hematuria occur 
among patients who died before the onset of 
diuresis unless considerable hemorrhage into 
the renal pelvis was present. The converse, 
however, did not hold since even marked 
hemorrhage into the renal pelvis could occur 
with no apparent hematuria. Four of the nine 
patients who died in the diuretic phase had had 
severe or gross hematuria during the early 
oliguric period but at autopsy had only mild or 
no renal pelvis hemorrhage. It is possible, how- 
ever, that these patients survived long enough 
for the pelvic hemorrhage to be reabsorbed or 
greatly modified. 


HYPERTENSION 


Hypertension (systolic pressure in excess of 
150 mm. Hg, diastolic pressure in excess of 
100 mm. Hg) was encountered in 208 (25 per 
cent) of the 828 patients. The onset of hyper- 
tension occurred during oliguria or in the first 
few days of diuresis in the majority of instances. 
The mean duration of hypertension was four 
and a half days, with a range of one to thirty- 
two days. Persistent hypertension developed in 
none. | 
During the fall 1952 outbreak, frequent 
measurements of both blood pressure and 
hematocrit were made in 120 patients. Some 
degree of correlation was found between the 
incidence of hypertension and the severity of 
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the preceding capillary leakage as judged by the 
maximum hematocrit during the hypotensive 
phase. (Table v.) A somewhat better correlation 
was noted between the incidence of hypertension 
and the severity of renal failure as reflected by 
the maximum blood urea nitrogen level. (Table 


TABLE V 
INCIDENCE OF HYPERTENSION PERSISTING FOR MORE THAN 
TWENTY-FOUR HOURS IN RELATION TO MAXIMUM 
HEMATOCRIT DURING HYPOTENSIVE PHASE 


Maximum | No. in No. with Per cent with 
Hematocrit | Group | Hypertension | Hypertension 
<49 35 11 32 
50-59 77 33 43 
> 60 8 6 75 
Total 120 50 
TABLE VI 


INCIDENCE OF HYPERTENSION PERSISTING FOR MORE THAN 
TWENTY-FOUR HOURS IN RELATION TO MAXIMUM BLOOD 
UREA NITROGEN 


yp cag No. in No. with | Per cent with 
(mg. %) Group | Hypertension | Hypertension 
<30 24 | 0 0 

30-60 19 3 18 

60-90 30 7 23 

90-120 24 13 54 
>120 38 26 68 
Total 135 49 


vi.) However, it is again obvious that these 
relationships are not precise and it would appear 
that a number of factors condition the develop- 
ment of hypertension in hemorrhagic fever. 


ELECTROLYTE ABNORMALITIES 


Fluid and electrolyte abnormalities are dis- 
cussed elsewhere in this symposium. Suffice it 
state here that serum sodium levels were less 
than 130 mEq./L. in fifty-four and exceeded 
160 mEq./L. in eleven patients. Serum potas- 
sium levels greater than 6 mEq./L. were ob- 
served in thirty-seven patients and levels less 
than 3.5 mEq./L. in eight. A total of eighty- 
nine patients had one or more of these abnor- 
malities. Relevant data were not obtained dur- 
ing the hospitalization of the first 200 of the 828 
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patients and serum electrolytes were not meas- 
ured subsequently in many of the mildly ill 
patients; the available data therefore do not 
reflect the true incidence of these abnormalities. 


PULMONARY COMPLICATIONS 


Pulmonary complications were observed on 
clinical examination in only fifty-three (6 per 
cent) of the 828 patients but were of great inter- 
est because of their prominence among the 
causes of death, being second only to shock in 
that respect. The majority of pulmonary com- 
plications occurred during the oliguric and 
diuretic phases. Wheezes and rhonchi were 
noted in twenty-two patients. The significance 
of this finding is not known. Pulmonary edema 
developed in fifteen patients, thirteen of whom 
either died in acute pulmonary edema or subse- 
quently of other complications, usually pul- 
monary infections. 

The average daily fluid balance prior to the 
development of pulmonary edema was calcu- 
lated for each patient. This varied from a nega- 
tive balance of 727 ml. to a positive balance of 
1,000 ml. per day, neglecting insensible loss. If 
a minimum insensible loss of 800 ml. per day 
is assumed, nearly all of the patients were in 
negative fluid balance. Thus it appears that 
prolonged overhydration was not the cause of 
pulmonary edema. Moreover, most of these 
patients appeared quite dehydrated. Rapid 
infusion of either large volumes of isotonic 
solutions or of smaller volumes of hypertonic 
solutions may have played a role in the genesis 
of pulmonary edema in these patients since 
eleven had received some form of intravenous 
therapy within twelve hours of the onset of their 
pulmonary edema. While the association of 
parenteral fluids and pulmonary edema seemed 
to be coincidental in most of these individuals, in 
a few the relationship suggested cause and effect. 

Swift‘ mentions two cases of hemorrhagic 
fever with pulmonary edema “with elevated 
venous pressures, and slight ankle and sacral 
edema, indicating right heart failure as well.”’ 
None of the patients with pulmonary edema in 
the present series had detectable edema else- 
where. Indeed, the retroperitoneal edema so 
characteristically found at postmortem examina- 
tion in patients dying in the hypotensive phase 
was never observed in patients dying with 
pulmonary edema during the oliguric and diu- 
retic phases. Venous pressure was measured in 
three patients at the onset of pulmonary edema 


MAY, 1954 


633 


and was found to be within normal limits. 
Furthermore, no increase in cardiac size oc- 
curred in eight patients in whom x-ray studies 
were made prior to and during pulmonary 
edema, and digitalization had no observable 
effect on the pulmonary edema. Finally, the 
character of the sputum produced by these 
patients is worthy of comment for in many cases 
large amounts of hemogeneous bright red 
mucoid sputum were produced, distinctly dif- 
ferent from the pink, frothy sputum seen in 
pulmonary edema due to congestive failure. 
At autopsy many of these patients were found to 
have focal intra-alveolar hemorrhages. 

These observations suggest that the following 
train of events may take place: An internal 
fluid shift, perhaps the result of resorption of 
retroperitoneal edema fluid, may overload the 
vascular compartment. The pulmonary vascular 
bed may already have been damaged by the 
etiologic agent or by other unknown factors 
which are part of the “‘uremic”’ state, making it 
more susceptible to damage from pressure and 
volume changes. In any event, the net result 
seems to be increased pulmonary capillary 
permeability. Heart failure and extrinsic fluid 
balance did not seem to play a prominent part in 
the development of pulmonary edema in the 
patients who came under our observation. 

Pneumonitis was diagnosed when a patient 
exhibited a recurrence of fever, developed a 
productive cough and was found to have rales 
over a localized area of the chest with x-ray 
evidence of patchy pneumonia. Pneumonia 
was diagnosed in six patients, while lung ab- 
scesses were demonstrated radiographically 
in two additional patients. At necropsy lung 
abscesses were found in these two patients as 
well as in three others. Pneumonitis and focal 
intra-alveolar hemorrhages were also found at 
autopsy in some instances when not diagnosed 
during life. 

Two patients who had subcutaneous emphy- 
sema of the neck and anterior thorax had no 
clinical evidence of pulmonary disease but one 
was later found at autopsy to have severe 
ulcerative tracheobronchitis. 


CENTRAL NERVOUS SYSTEM COMPLICATIONS 


Central nervous system symptoms occurred in 
eighty-seven (11 per cent) of the 828 patients. 
Disorientation, extreme restlessness, or lethargy 
were present in forty patients. Paranoid delu- 
sions, visual and auditory hallucinations, manic- 
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depressive states and schizoid reactions occurred 
in fourteen. Motor or kinetic disturbances as 
manifested by reflex changes, clonus, tremors, 
dysarthria, dysphagia and strabismus were 
present in fourteen patients. Grand mal con- 
vulsions occurred in twenty-six patients. 

Nearly all the seizures occurred during the 
late oliguric and early diuretic phases. The blood 
pressure of patients just prior to seizures was on 
the average higher than during any of the other 
central nervous system complications, whereas 
there appeared to be no correlation between any 
of these phenomena and hematocrit values, 
fluid balance and serum calcium, sodium or 
potassium levels. The mean of the blood urea 
nitrogen values for the patients at the time of 
the seizures was 146 mg. per cent with a range 
of 42 to 220 mg. per cent. Spinal fluid total 
protein was found to be 80, 82, 68 and 36 mg. per 
cent in four of these patients. The spinal fluid 
cell counts, sugar and chloride values were 
normal. 

Although it was believed that only two of the 
deaths were primarily due to central nervous 
system involvement, the findings at autopsy 
suggest that the central nervous system shares 
in the vascular abnormalities of hemorrhagic 
fever. TheSe findings include cerebral edema and 
small subarachnoid, epidural and focal brain 
stem hemorrhages. Small cerebral abscesses were 
found in a patient who died with overwhelming 
pneumonia and multiple lung abscesses. 

Late neuropsychiatric abnormalities were not 
found among a group of thirty convalescing 
patients, of all degrees of severity, selected at 
random from the 828 patients.!* Only one pa- 
tient, not included in this small series, exhibited 
a residual psychosis of a paranoid-schizophrenic 
type which was still present five months after the 
onset of his illness. No neurologic residua were 
noted, in contrast to the findings of Powell'® 
who observed focal cord damage in a few sur- 
vivors of his series. 


ANEMIA 


Using a hematocrit level below 40 per cent as a 
criterion, anemia was found in sixty-one (7 per 
cent) of the 828 patients. The onset was almost 
entirely in the late oliguric and diuretic phases. 
The duration of anemia was twenty days or less 
in 49 per cent, twenty-one to forty days in 32 per 
cent and forty-one days or longer in 19 per cent 
of the patients. 3 

It is theoretically possible that the large 
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changes in hematocrit (high values during the 
shock phase and low values during the con- 
valescent phases of the disease) could be due to 
changes in red cell size. Cell indices were cal- 
culated serially throughout the disease in eleven 
patients who demonstrated such hematocrit 
changes. No change in cell size could be detected. 
Although the anemia is usually normochromic 
and normocytic, macrocytosis has been noted in 
a few cases. The anemia was not associated with 
conspicuous reticulocytosis. The mean highest 
reticulocyte count was 2.4 per cent in these 
eleven patients. The severity of the anemia 
appeared to be proportional to the degree of 
uremia and did not appear to be related to blood 
loss. 


MISCELLANEOUS COMPLICATIONS 


Malaria was present in nine patients. Phlebitis 
occurred secondary to constant intravenous 
pressor drug infusions in five patients. Genito- 
urinary infections in another five patients were 
secondary to catheterization. The three in- 
stances of gastrointestinal tract obstruction were 
due to a pyloric ulcer or to impacted ion 
exchange resins in the sigmoid colon. A single 
case of ulcerative colitis made its appearance 
during the diuretic phase of a severely ill 
patient. 


RESIDUA OF HEMORRHAGIC FEVER 


Of the 783 patients with hemorrhagic fever 
who survived, only sixteen were unable to return 
to duty within a period of four months. Fifteen 
of these were unable to concentrate urine above a 
specific gravity of 1.018 and still had polyuria 
and nocturia four months after the onset of 
their illness. Anemia was present in nine of these 
sixteen patients, while one each still had 
phlebitis, ulcerative colitis and psychosis. 


CAUSES OF DEATH* 


The causes of death were analyzed in forty- 
two fatalities that occurred between April and 
December, 1952, at the Hemorrhagic Fever 
Hospital. The records of four patients who died 
during this period were not available. The forty- 
six fatalities occurred among a total of 828 
patients, a mortality rate of 5.5 per cent. 

A summary of the causes of death and con- 
tributory factors in relation to phase of disease 
is given in Table vu, while the data for individ- 


* This analysis was made by Yoe, R. H., Cugell, D. W. 
and Earle, D. P. 
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ual patients are recorded in Table vin. This 
analysis is based on a review of the clinical 
records and on several features recorded in the 
autopsy protocols including retroperitoneal 
edema, extent of pulmonary edema, hemorrhage 
and infection, and extent and location of central 


rhagic fever and was responsible for the develop- 
ment of many of the subsequent serious mani- 
festations. It was so common, however, that it is 
not included in this analysis. 

Shock was a common cause of death. Twelve 
patients died in early primary shock at or near 


TABLE VII 
SUMMARY OF CAUSES OF DEATH, CONTRIBUTORY FACTORS AND PRIOR EVENTS IN FORTY-TWO FATALITIES 
DUE TO EPIDEMIC HEMORRHAGIC FEVER* 


Phase bane nod Major Causes of Death Contributory Factors Prior Events 
atients 
Hypotensive 12 11 Primary shock 1 Hyperpyrexia 

1 Primary shock and aspiration of 1 Central nervous 

vomitus system involvement 
Transition 7 3 Transition shock 2 Dehydration 

2 Transition shock and hyperpyrexia 1 Hypernatremia 7 Primary shock 

1 Transition shock and hyperkalemia 1 Pulmonary infection (6 severe) 

1 Transition shock and aspiration of 
vomitus 

Oliguric 10 2 Secondary shock and hyperpyrexia 5 Pulmonary infection | 9 Primary shock 

1 Secondary shock and dehydration 4 Dehydration (4 severe) 

1 Secondary shock, dehydration, potas- | 1 Hyperkalemia 1 Transition shock 
sium deficiency, pulmonary infection | 1 Potassium deficiency (moderate) 
and edema - 2 Pulmonary edema 7 Hypertension 

2 Pulmonary infection 1 Hypertension 

1 Pulmonary edema and hypervolemia _ | 1 Central nervous 

1 Convulsion and hypervolemia system involvement 

1 Dehydration and potassium deficiency 

1 Aspiration of vomitus 

Diuretic 13 1 Secondary shock and dehydration 5 Hypernatremia 11 Primary shock 

6 Secondary shock, dehydration, potas- | 4 Pulmonary edema (9 severe) 
sium deficiency and pulmonary infec- | 1 Pulmonary infection | 1 Transition shock 
tion (1 with central nervous system | 2 Hypertension (severe) 
involvement) 2 Central nervous 1 Secondary shock 

2 Pulmonary edema and hypervolemia system involvement (severe) 

1 Potassium deficiency 3 Hyperkalemia 

1 Potassium deficiency and dehydration 3 Hypervolemia 

1 Potassium deficiency, dehydration and 8 Hypertension 
pulmonary infection 

1 Pulmonary infection and central nerv- 
ous system involvement 


* Only those factors believed to have played an important role in the fatal outcome are recorded. For example, 
hyperkalemia is specifically noted only when associated with marked EKG changes although minor degrees of hyper- 


kalemia were commonly observed. 


nervous system involvement. In some instances 
it was difficult or impossible to determine which 
of several processes played the major role in 
causing death. 

The majority of patients had considerable 
renal failure and nitrogen retention (Table vim) 
at the time of death. Renal failure of this degree 
obviously contributed to the mortality of hemor- 
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the time of maximum plasma leakage as evi- 
denced by the hematocrit increase and the 
presence of extensive retroperitoneal edema. 
Seven patients died of shock in the transition 
phase, i.e., as the hematocrit was decreasing 
and the edema was being absorbed. All of these 
had had some degree of primary shock but in 
three this had not been severe. Hyperpyrexia 
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TABLE VII 
SIGNIFICANT OBSERVATIONS IN FORTY-TWO FATALITIES DUE TO EPIDEMIC HEMORRHAGIC FEVER“ 
1° | 
Shock Pulmonary‘ 
38} 4) Peak* 1° Shock |4+/|4+/68 42 1+ Few petechial hemorrhages of mid- 
ae brain, medulla and pons 
5| 5| Peak 1° Shock /|4+/4+/56 
9| 5] Peak 1° Shock 17 106 .6 Terminal convulsion; old subdural 
hemorrhage 
7| 6| Peak 1° Shock |4+/4+|56 98 ‘Terminal convulsion 
1) Peakm| 1° Shock |4+/44 
26| 6| Peak 1° Shock 69 Yes 
47| 6| Peak 1° Shock |4+/4+/59 57 1+ Yes | Infarction of pons 
6| Peak 1° Shock |4+|4+/59 
14| Peak™| 1°Shock [4+/4+ 24 
20| 7| Peak 1° Shock 4+|62 85 1+ 
30} 13¢ | 1°Shock |2+/44+/56) 
39) 7| Peak Transition |2+|2+/50/4+ 50 2+ Moderate focal edema and petechial 
hemorrhages 
3, 8| 134 | Transition |2+|1+|58/4+| 
4, 8} 1% Transition (2+|2+/60/4+ 117)1+ 
27; 8| 2 Transition |2+|4+/62)4+ 128 107 
2 Transition |2+)4+/54/4+ 58 Yes | 107 Yes Blood pressure maintained to death on 
continuous pressor drugs 
23| 8| 2 Oliguric [0 |1+|50} 74/1+ 107 
45| 8| 4m Oliguric [0 [44 146|2+|4+ 2+/3+ Died suddenly in opisthotonus 
3 Oliguric |0 |2+/49 160/2+ Yes 44|2+ Initial hematocrit 38; final, 26 
12|10| Peak 1° Shock |4+/4+1|67 Long initial febrile course; hematocrit 
ashicts increased on day 8 
17|10| 3 Transition |0 |4+/62/4+ Yes 1+ 
610} 3 Oliguric |1+/51 Yes 4+ Terminal convulsion; initial hematocrit 
39; final, 38 
24/10) 3 Oliguric (0 (44/62) [1+ 108 |1+ Pulmonary infection-bronch iolitis 
25/10, | Oliguric |0 |156/2-+/4+] Yes Yes 2+|4+ 
41110} 3 ist Diuretic" |0 /|49 4+ 1+/4+ Terminal convulsion 
10/11) 5 Transition |2+|4+/52/4+ 224 Yes Yes 44+ Yes | Subarachnoid hemorrhage 
2|11} 5 Oliguric |1+|60 202 Yes | Yes 
13}11; 5 Oliguric {0 [14/53 4+ |220|2+ Yes 2+/2+ Terminal convulsion 
31/11] 5 Oliguric |4+|58/2+) Yes | Yes Yes | Yes | Hemorrhage pons 
3 ist Diuretic |0 [0 [56 125|4+|4+ 2+/4+ Yes | Cerebral angiitis, focal edema 
16/11) 5 | 4th Diuretic /1+/53 314 Yes 1+ 
15)13) 5 Oliguric |1+/50 4+ Yes | Yes 4+/4+ 
44/13} 6 | 4th Diuretic [0 [4+/56/4+|4+/|218 Yes | Yes | Yes 44+|2+ Focal degeneration cortex and pons 
46|13| 7 4th Diuretic (0 |4+4+/232/2+/2+ Yes | Yes 44+\2+ 
43/16] 10 | 5th Diuretic |0 |4+|66| Yes | Yes | Yes 4+|2+ Convulsion, few small hemorrhages 
of cortex and basal ganglia 
49'17; 9 6th Diuretic |0 |2+/60 4+ 281\;2+/2+ Yes Yes Yes | Petechial hemorrhages of cortex and 
| basal ganglia 
22 = 12 7th Diuretic |9 |4+/56 230)1+ Yes 4+ Yes ; Massive subarachnoid hemorrhage 
11/18] 12 | 9th Diuretic |4+/55| [44/250 Yes|Yes| Yes 
19/18] 13. | 9th Diuretic |2+/2+|59|  |44+|274 Yes | Yes 4+|1+ 
33/19] 12 | 10th Diuretic |0 |4+/68} |4+|286/4+/ Yes| Yes Yes 4+ |2+ Yee | Cerebral abscesses 
29/23] 13" | 11th Diuretic [4+ 244/44+| | Yes | Yes Yes Hypocaicemia; terminal blood urea 
nitrogen 39 
18 21 | 16th Diuretic (4+4+|220/4+| Yes| Yes Yes 4+|1+ Convulsions; blood urea nitrogen fell 
to 175, then rose to 329 terminally 


See footnotes to Table vim, page 637. 
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in two and hyperkalemia in another probably 
contributed to the shock while the terminal 
_ event in one was aspiration of vomitus. Of the 
twenty-three patients who died in the oliguric 
or diuretic phases, eleven died in late or second- 
ary shock and one had several such episodes 
several days before death. Primary shock had 
occurred in all of these and transition phase 
shock in one. However, the earlier shock and 
capillary leakage had not been severe in half the 
patients dying in secondary shock. Dehydration, 
potassium deficiency, hypernatremia and pul- 
monary infections were common contributory 
factors to late shock. Three patients had no 
shock at any time during their disease, while 
another four had only mild or moderate shock. 
Important primary or contributing causes of 
death in patients who died without evidence 
of shock in the oliguric and diuretic phases 
included fluid and electrolyte abnormalities, 
pulmonary infection and edema, central nervous 
system involvement and perhaps “relative 
hypervolemia.”’!’ 


SUMMARY 


The complications observed in 828 cases of 
hemorrhagic fever, with their incidence, time of 
appearance, duration and sequelae, are de- 
scribed. Some of the clinical observations that 
may be related to the causes of these phenomena 
are discussed. 

1. Sixteen per cent of the pachonts had clinical 
shock. One-third of these eventually died. 
Hypotension not associated with shock carried a 
good prognosis. 


2. Hemorrhagic complications were encoun- 
tered throughout the course of the disease but 
were rarely the primary cause of death. 

3. Significant hypertension was encountered 
in 25 per cent of the patients during the oliguric 
and diuretic phases but was always transient. 

4. Electrolyte disturbances were encountered 
during the oliguric and diuretic phases, hypo- 
natremia and hyperkalemia being the most 
common. 

5. Pulmonary edema was encountered during 
the oliguric and diuretic phases. Thirteen of 
fifteen patients with this complication expired. 
Evidence is presented that heart failure and 
excessive fluid intake did not contribute signifi- 
cantly to the pulmonary edema observed in this 
group of cases. 

6. Central nervous system complications were 
observed most frequently during the oliguric 
and diuretic phases. Although central nérvous 
system involvement contributed to the mortality, 
no neurologic residua were noted among the 
survivors. 

7. Anemia was encountered in the con- 
valescent phase in several patients and appeared 
to be related to the severity of the “uremic” 
phase rather than to blood loss. 

8. Only sixteen of 783 surviving patients 
exhibited residua. Hyposthenuria and anemia 
were the most frequent. 


Acknowledgment: Sponsored by the Com- 
mission on Hemorrhagic Fever of the Armed 
Forces Epidemiological Board, and supported 
by the Office of the Surgeon General, Depart- 
ment of the Army. 


* Only factors considered to have contributed significantly to a tatal outcome are recorded. Factors regarded as primary or important in causing 
death are underlined. Items not underlined were present in considerable degree but were either no longer present at the time of death or were not 
considered to have contributed directly to death. 

6 4-++ = death in shock, or shock required continuous pressor drug therapy and/or more than 300 ml. concentrated human serum albumin; 2+ = 
eccasional pressor drug therapy and/or 50 to 300 ml. concentrated human serum albumin required; 1+ = clinical shock that responds to simple 
measures such as shock blocks or leg-bandaging. 

¢ Although maximum values in patients 6 and 8 were not greatly above normal, note (under Remarks) that initial and final hematocrits indicate 
considerable pre-existing anemia. Hem tration in these patients was undoubtedly greater than that suggested by the maximum hematocrit 
values. 

¢ Maximum values recorded when observations were made at frequent intervals. The maximum value occurred within a day or so of death in 
most patients. 

¢ Four and frequently many more blood pressure values were recorded daily in most of the patients. Hypertension considered to be present if 
three-fourths or more of the blood pressure readings during one day exceeded 140/90 (exclusive of observations made during pressor drug therapy). 
4+ = hypertension for more than four days with three or more levels of 160/100 or greater; 2+ = hypertension for more than two days with three or 
more levels of 150/90 or greater; 1+ = hypertension for one to two days. 

4 Although hypokalemia was prominent in only some patients designated ‘“‘yes,”’ significant depletion of body potassium stores is believed to have 
developed in all those so designated. These were all patients who had received little or no p g food or fluids for seven or more days 
and who vomited large amounts. Those in the diuretic phase also lost significant amounts of potassium in the urine. 

9 Recorded ‘“‘yes’’ only if plasma potassium exceeded 6.5 mEq./L. and EKG exhibited severe alterations usually attributed to hyperkalemia. 

4 Recorded “yes” when serum sodium exceeded 155 mEq./L. for two cr more consecutive days. 

* Graded in severity as described in autopsy protocols, except where clinical protocol indicated unequivocal evidence for generalized pulmonary 
edema which cleared before death. Edema present only in areas of infection not recorded. 

4 Recorded “‘yes” only if findings at autopsy were described as extensive, and in patient 8 who died during a series of convulsions. Type and loca- 
tion of involvement described under Remarks. 

* Peak-death within twenty-four hours after initial maximum hematocrit was reached. 

™ Precise time of maximum hematocrit not known. Days indicated are minimum possible number after a definite decrease in hematocrit, 
» Number indicates day of diuresis on which death occurred, 
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The Pathology of Thirty-nine Fatal Cases 
of Epidemic Hemorrhagic Fever’ 


LiEuT. RoBERT J. LUKEs, M.c. T 


HE initial descriptions, in the Western 
| medical literature, of the pathologic 
changes in epidemic hemorrhagic fever 
appeared in 1952 and 1953 in reports by Steer 
and Hullinghorst!:? on sixty-one fatal cases that 
occurred among the United Nations Forces in 
Korea during 1951. Kessler* independently 
described the gross pathologic changes in twenty- 
seven of these cases at approximately the same 
time. The characteristic findings were: (1) ret- 
roperitoneal edema; (2) diffuse hemorrhage in 
the right atrium of the heart; (3) severe con- 
gestion, hemorrhage and infarct-like necrosis 
in the renal medulla, and (4) hemorrhage and 
necrosis in the anterior lobe of the pituitary 
gland. Evidence of vascular damage was 
observed but no specific anatomic vascular lesion 
was found. The pathologic changes in the fatal 
cases of a similar disease that occurred in 
Manchuria between 1939 and 1945 had been 
previously described by Tokoro* and Kasahara® 
in the Japanese medical literature. Steer and 
Hullinghorst were able to establish fairly con- 
clusively from pathologic material made avail- 
able by Tokora and Kasahara that epidemic 
hemorrhagic fever, as observed in 1951, and the 
disease occurring in Manchuria were identical. 

In 1952 also, Mayer,® in a detailed compara- 
tive analysis of the ‘‘Manchu-Korean”’ epidemic 
of hemorrhagic fever of the Japanese literature 
and the endemic hemorrhage nephroso-nephritis, 
observed in Siberia and described by the Rus- 
sians, brought out the striking similarity between 
the two. The pathologic characteristics of the 
1951 cases as reported by Steer and Hulling- 
horst!:? are almost identical with the descrip- 
tions of the lesions in Mayer’s review. 

The pathologic changes observed in thirty- 
nine fatal cases of epidemic hemorrhagic 
fever in 1952 form the basis of this presentation 
and are essentially similar to those described by 


Steer and Hullinghorst with the exception of a 


_ variation in the degree of necrosis in the renal 


medulla. 

The clinical aspects of hemorrhagic fever are 
described elsewhere in this symposium by 
Sheedy and colleagues’ who recognize five 
clinical phases of the disease, designated in their 
sequence of occurrence as follows: febrile, 
hypotensive, oliguric, diuretic and convalescent. 
In this presentation the pathologic changes will 
be considered in relation to the clinical phase of 
the disease that existed just before death in an 
attempt to determine the sequence of these 
changes. 


MATERIAL AND METHODS 


The autopsy material in thirty-nine of the 
forty-two fatal cases of hemorrhagic fever at the 
8228th Mobile Surgical Army Hospital during 
the period of clinical observation specified in this 
symposium was reviewed at the First Medical 
Field Laboratory, Eighth Army, and form the 
basis of this presentation. Two pathologists 


performed all these autopsies and prepared 


the protocols. As a result of this experience they 
were able to provide more complete data than 
had been possible in the 1951 cases. These 
protocols, with extensive clinical summaries and 
representative tissue, were forwarded to the 
First Medical Field Laboratory, Army, for 
histopathologic study. Eleven other cases, not 
included in this study, were either not received 
at this laboratory or death occurred at another 
hospital. 

The fixatives used were 10 per cent formalin, 
5 per cent Zenker’s acetic acid solution, and 
Regaud’s solution. Representative tissue speci- 
mens from all organs were submitted and 
examined histologically, with infrequent excep- 
tions. Hematoxylin and eosin was the routine 
stain. Giemsa’s stain was used in conjunction 


* From the First Medical Field Laboratory, Eighth Army. Requests for reprints should be addressed to Dr. David 
P. Earle, New York University College of Medicine, New York, N. Y. 
t Present address: Armed Forces Institute of Pathology, Washington, D. C. 
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with 5 per cent Zenker’s acetic acid solution as 
the fixative in one-half of the cases for sections 
of the spleen, bone marrow, lymph nodes and 
liver. 

The evaluation of the clinical course of the 
disease in the thirty-nine fatal cases here de- 


TABLE I 
DURATION OF DISEASE IN THIRTY-NINE FATAL CASES OF 
HEMORRHAGIC FEVER IN 1952 


No. of Range of | Mean 
Phase Groups Duration | Duration 

(days) (days) 
Hypotensive......... 12 4-10 6 
Transitional......... 5 8-11 8 
9 8-13 10 
All Groups.......... 39 4—28 10 


scribed is presented elsewhere in this symposium. ® 
No deaths occurred in the febrile or convalescent 
phases. In order to separate a small group of cases 
in which there is no clear-cut delineation 
between the hypotensive and oliguric phases, it 
is necessary to include a transitional group. 
Clinical evaludtion of the severity of shock 
is described by Giles et al. The degree of shock 
was graded according to the duration of clinical 
shock and the therapy required and is recorded 
as severe (+-+-++), moderate, (++) and 
mild (+). Shock was classified as primary, 
secondary and transitional,*® although my prefer- 
ence would be the terms early and late, since 
primary and secondary as generally used have 
other specific connotations. Shock of more than 
one type was frequently recorded in the same 
patient. The term primary shock referred to the 
initial period of shock observed early in the 
disease, usually at the stage of defervescence, 
while shock in the later oliguric and diuretic 
phases, following an interval of normotension, 
was designated secondary shock. The term 


transitional shock indicates prolongation of the | 


initial period of shock after the peak level of 
hematocrit had passed and hemoconcentration 
was subsiding. 

The pathologic changes observed in the lungs, 
kidney, pituitary and adrenals, together with 
the incidence and degree of retroperitoneal 
edema, are recorded in the individual cases on 
the phase group reference tables. The duration 
of the disease, the degree and type of shock and 
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the duration of .the various phases are also 
indicated. 


CLINICAL 


The duration of disease in the thirty-nine fatal 
cases of hemorrhagic fever in 1952 varied from 
four to twenty-eight days, with an average 
duration of 10.9 days and a mean duration of 
10 days. The range and mean duration of the 
cases comprising each phase group are recorded 
in Table 1. 

Hypotensive Group. As already indicated, no 
deaths occurred in the febrile phase. ‘The duration 
of the disease in the twelve cases of the hypo- 
tensive group varied from four to ten days and 
the clinical course was characterized by severe 
refractory shock of brief duration, with death 
occurring in shock after periods of eight to 
fifty-six hours. In nine of the twelve cases the 
total duration of shock was less than 36 hours. 


At the time of death hemoconcentration was 


most marked, with the hematocrit at the highest 
level observed during the course of the disease. 

Transitional Group. ‘The duration of disease 
in the five cases included in this group varied 
from eight to eleven days. Shock was more 
prolonged than in the previous group and 
varied from three to six days. The degree of prior 
primary shock had been severe in three while 
all cases exhibited a period of transitional shock 
which was classified as severe. Death occurred in 
shock with receding hemoconcentration one and 
one-half to five days after the peak hematocrit 
levels had passed. Azotemia was present, with 
levels of the blood urea nitrogen varying from 58 
to 224 mg. per cent. 

Oliguric Group. The duration of disease in the 
nine cases of the oliguric group varied from eight 
to thirteen days with death, usually in severe 
azotemia, after two to six days of oliguria. The 
preceding period of primary shock often was 
mild and of brief duration and in five cases it was 
recorded as slight or absent. Secondary shock, 
observed in only three cases, was severe and 
dominated the terminal stage. In one case (No. 
25) neither primary nor secondary shock was 
recorded. Periods of hypertension during the 
oliguric phase were recorded in every case except 
one (No. 6). Convulsions occurred in three cases 
(Nos. 6, 8 and 13), usually in the terminal phase. 

Diuretic Group. The duration of disease in the 
thirteen patients who died during the diuretic 
phase varied from ten to twenty-eight days and 
the length of diuresis from one to nine days. 
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Severe shock of either primary or secondary type 
was a prominent feature of the disease in ten 
cases, with secondary shock conspicuous in the 
terminal stage in eight cases. Clinical shock was 
not recorded in two cases. Diuresis usually 
began abruptly and was followed by fairly rapid 
reduction in the severity of ,azotemia unless 
secondary shock interfered. Severe azotemia 
was the outstanding feature, the blood urea 
nitrogen in eleven cases reaching maximum 
levels between 200 and 314 mg. per cent. 
Diuresis in some cases was associated with severe 
electrolyte imbalance. 


PATHOLOGY 


The pathologic changes observed in the thirty- 
nine fatal cases of hemorrhagic fever in 1952 con- 
sisted primarily of vascular alteration present 
in the cases of each group but was most intense 
in the hypotensive and transition groups. These 


vascular alterations were evidenced by intense . 


capillary engorgement, diapedesis of eryth- 
rocytes, focal hemorrhages and altered capillary 
permeability. The altered capillary permeability 
was reflected by interstitial edema and retro- 
peritoneal edema. The capillary engorgement 
and focal hemorrhages were widely distributed, 
involving many organs as well as the body sur- 
faces including the skin, serosal surfaces and 
mucosal linings. Reaction of the tissue to 
hemorrhage in the form of cellular response, 
hemosiderin-laden macrophages or vascular 
proliferation was rarely encountered in any 
group. The intense congestion frequently was 
difficult to differentiate from recent hemorrhage, 
particularly in the renal medulla, and usually 
appeared as masses of fresh erythrocytes without 
discernible vascular walls. Morphologic changes 
within vessel walls were uncommon but when 
present usually consisted of prominence or 
increased cellularity of the endothelium with 
slight edema of the walls. No specific vascular 
lesion was observed in any of the cases included 
in this study. (Table 1.) 

Retroperitoneal Edema. ‘The edema of the retro- 
peritoneal tissue, as seen through the perito- 
neum, appeared as a translucent amber fluid and 
presented one of the most characteristic features 
of the hypotensive and transitional groups. It 
was of moderate to severe degree in fifteen of the 
seventeen cases in these groups and occurred in 
only one case of any other group. Retro- 
peritoneal edema was observed in only three 
patients surviving beyond the eighth day of 
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the disease; every patient in whom it was noted 
at autopsy had died in severe shock. The ac- 
cumulation of fluid bulged the peritoneum 
anteriorly and involved the base of the mesen- 
tery, the perirenal adipose tissue and extended 
into the lateral peritoneal gutters. Micro- 
scopically, the edema appeared as homogeneous 
eosinophilic material between lobules of adipose 


_ tissue and in accumulations in the loose areolar 


connective tissue. Edematous material of similar 
appearance commonly was noted during this 
period of the disease in the epicardial fat, the 
submucosa of the small intestine and the peri- 
pancreatic fat. 

Ascites of 100 to 400 ml. was described in 
nine cases, pleural effusion varying from 100 to 
400 ml. in four cases; no pericardial effusion 
exceeding 100 ml. was recorded. Such manifesta- 
tions were found predominantly among cases in 
the hypotensive and transitional groups. 

The average weights of the various organs in 
each group are recorded in Table m. The 
incidence of the pathologic changes in each 
group is summarized in Table tv. 

Cardiovascular System. ‘The heart was usually 
of normal size and only two exceeded 400 gm. 
in weight. Slight to moderate dilatation of all 
the cardiac chambers was described in six cases, 
usually in association with a pale, greyish 
brown, flabby myocardium. Petechiae and 
ecchymoses, generally of mild degree, were 
commonly observed in the epicardium and 
were most prominent along the atrioventricular 
sulcus. Particularly striking on gross examination 
in thirty-one cases were the subendocardial 
hemorrhages in the right atrium and the right 
auricular appendage that appeared as a large 
confluent bluish-red thickened area (Fig. 1); 
in the other chambers they were small and 
infrequent. Microscopically, these hemorrhages 
appeared as masses of fresh erythrocytes re- 
sembling extreme congestion. Hemorrhage in 
the right atrium was severe and almost constant 
in the hypotensive and transitional groups. It 
was present in mild degree when death oc- 
curred late in the diuretic phase. The hemor- 
rhage extended into the underlying myocardium, 
often associated with a slight mononuclear 
cellular response. In the majority of cases a wide 
zone of pale, swollen myocardial fibers lay 
under the endocardium of the right atrium and 
right ventricle, compressing the interstitial 
tissue and obliterating the space. Slight increase 
in cellularity of the endothelium without cellular 
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TABLE II 


A. Hypotensive Phase Group 


Shock * Lungs Kidneys Adrenals 
Oli- | Diu-| 
guria | resis, Epi Pitui- 
Dura- | Dura-| Bron- | Medul- tary 
Second- | tion | tion | | | cho- | Ab- |Weight| | tary Weight | Necrosis | 
ease | Primary tion (days) | (days) Edema lial or- | cro- 
(days) TY (days) gm. rhage | sis 
monia ake gestion 
38 4 |++++/ 0 1 ++++|/ +] 0 0 650 0 |++++| 375 0 0 0 
5 > 1444 0 2 ++++ 0 0 0 + 0 
9 5 |j++++] 0 1 0| + |++++| ... +) ++ | ++ 
7 6 |++++ 0 2 ++++ 0 0 _ 0 
26 6 |++++] 0 2 ++++ 0} oO 0 875 0 ++] 400 0 0 0 
47 6 |++++ 0 1 ++ ++ > 0 0 1,400 | O |+++-+] 500 + 0 0 
21 6 i++++ 0 1 + +++ 0 0 0 800 + |++++| 400 | Gross 0 0 
14 6 |++++/] 0 1 +++4++4+ 0| 0 625 ++} 425 0 0 0 
20 7 1++++/ 0 +] 0 0 800 0 ++| 400 0 0 0 
30 0 1 ++ 0; O 0 425 0 ++} 350 ++ 1 ++ 
39 7 ++! 0 1 ++} ++] 0 0 | 1,000 0 j++++/] 325 0 0 0 
B. Transitional Phase Group 
4 8 +}; 3 ++ 0 +; oO] ... j++++] ... + 0 0 
27 8 ++ 0 3 3 ++ 0 0} oO} 510 + ++} 425 ++ 0 0 
28 8 |++4++4+ 0 3 2 ++ 0 0| 0} 700 0 |++++]| 420 ++) + 0 
17 14444 0 5 4 0 + o| 775 0 500 + + 
10 11. |++++ 0 6 2 +4 0 + ..- + 0 0 
C. Oliguric Phase Group 
23 8 4 5 0 +| +] + |++++]| 450 + 0 
45 8 j|++++ 3 0 |+++!+++/ 0] 1,300 0 300 + 0 
8 9 ++ oe 4 0 ++} ++/ 0/..... 0 |++++| ... | Gross 0 0 
24 | 10 |++++/++++) 4 3 0 460 | + |++++] 450 | Gross 0 0 
25 | 10 0 0| oO 2 0 ++} ++] 0} 1,450] + |++++] 440 | Gross 0 0 
13} 11 1 2 0 0 + ... |44+4++4+ 0 0 
31 it 6 0 575 j++++/] 460 | Gross 0 
15 | 13 o| .. 0 ++! ++] 0] 1,600 |++++] 670 | Gross 0 0 
D. Diuretic Phase Group 
41. | 10 0 4 1 0 |+++ +| 0] 1,200 0 |++++| 300 |++++/] 0 0 
40 11 0 3 1 0 1,775 0 |++++/] 400 0 
16 | 11 + 1 3 4 0 +| 750 500 |++++| + + 
44 7 3 0 ++) ++ 1,450 + 300 0 + 
46 13 2 2 4 0 ++\+++)} +] 1,350 + 400 |++++/ 0 0 
43 16 +i++++); 1 5 0 ++) ++ 0| 1,450 0 j++++| 400 |++++| 0 + 
49 | 17 “4 5 6 0 0 0| 800 0 0| 500 0 
22 | 18 |++++ o| 2 5 6 0 0 +/++]| 650 0 ++] 400 |Stromal| + 0 
collapse 
11 18 |+++4+/+++4++4+/ 8 7 8 0 + Ot OS + ++) ... 0 0 
19 | 18 ++\/+++4+] 1 5 8 | ++ +\+++/++] 850 | |++++/ 400 0 | 0 
33 | 19 2 | 7 7 0 |+++/+++] +] 2,400} |++++] 400 +} 0 0 
29 | 23 |++++ 0} 4 4 9 0 0 0| O} 350 0 ++ | 280 +| 0 0 
18 | 28 /++++/++++4/ 11 6 9 0 +/+++] +] 1,750 0 +++ | 400 |Stromal| 0 0 
collapse 


* Transitional shock was recorded only in the Transitional Phase Group (B) where it was severe (+ +++) in every case. 
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infiltration or fibrin deposition was noted fre- 
quently in the endocardium of each chamber. 
In ten cases a few small perivascular and inter- 
stitial foci of mononuclear cell infiltration were 
seen in the myocardium, commonly in associa- 
tion with slight interstitial edema and focal 
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medulla, commonly visible on gross examination 
in the 1951 cases, were not observed. Microscopi- 
cally intense congestion of the renal medulla was 
most prominent near the _ corticomedullary 
junction. (Fig. 3.) This characteristic manifesta- 
tion has been described as a sea of fresh erythro- 


TABLE II 
ORGAN WEIGHTS IN PHASE GROUPS OF HEMORRHAGIC FEVER RECORDED AT AUTOPSY 
Hypotensive Transitional Oliguric Diuretic 

Phase Group Phase Group Phase Group Phase Group N : 

Cases with | Average Weight chia: ‘ 

Organ Recorded Weight | Range for R aa 

(gm.) No. of No. of No. of No. of (gm.) 
g eight | eig eight 
(gm.) (gm.) (gm.) (gm.) 

Heart........ 29 306 225-450 8 328 3 308 6 268 12 310 275-325 
Lungs*....... 29 1,002 350-—2,400 8 822 3 662 6 1,022 12 1,181 700—1,000 

Spleen....... 28 162 50-500 8 211 3 175 5 180 12 119 125-175 
eee 30 1,807 | 1,300—2,750 8 1,665 3 1,700 7 1,836 12 1,894 | 1,500-1,700 

Kidneys*..... 29 423 280-670 8 397 3 445 6 461 12 407 280-320 
Brain........ 28 1,398 | 1,200-1,750 7 | 1,368 3 1,418 6 1,339 12 1,441 | 1,250-1,400 


* The weights of the lungs and kidneys have been recorded as combined weights. 


TABLE IV 
INCIDENCE OF PATHOLOGIC CHANGES IN PHASE GROUPS OF FATAL HEMORRHAGIC FEVER 
Lungs Kidneys Pituitary Adrenals 
Pulmonary Broncho- Epithelial , Focal 
Phase Group Pa Edema pneumonia Abecesses Necrosis Nerves Necrosis 
Per Per Per Per Per Per 
cent cent No. cent No. cent cent cent 
Hypotensive..... 12 4 33 0 0 0 0 3 25 6* 50 4 33 
Transitional... .. 5 1 20 2 40 0 0 2 40 5 100 2 40 
Oliguric........ 9 6 67 6 67 2 22 4 44 : bg 78 2 22 
Diuretic. ....... 13 9 51 11 85 5 46 3 23 10 77 3 23 
Ce ere 39 20 51 19 48 7 17 12 30 28 72 11 28 


* Includes cases with such typical gross changes that the specimens were used for museum purposes and not 


sectioned for microscopic examination. 


degeneration or early necrosis of a single 
myocardial fiber or small groups of fibers. In no 
instance were these changes sufficiently marked 
to suggest the myocarditis of diphtheritic type 
described in the Japanese and Russian litera- 
ture reviewed by Mayer.® 

Kidneys. ‘The kidneys were enlarged, with a 
pale grey to yellowish brown surface and a promi- 
nent, bulging, intensely congested, dark red me- 
dulla, contrasting with the pale greyish brown 
cortex. (Fig. 2.) Small areas of necrosis in the 
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cytes widely separating the medullary tubules. 
The loops of Henle and the collecting tubules 
were compressed and distorted, and at times 
only the pale necrotic outlines of a radiating 
tubule were discernible. The necrosis usually 
involved only small foci of tubular epithelium. 
At times it was associated with hemoglobin 
casts and resembled the necrosis of “lower 
nephron nephrosis.’”” The epithelium in these 
foci was flattened, distorted and hypocellular, 
and the individual cells were small with a pyk- 
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Fic. 1. Case 30 (AFIP Acc. 546385). Diffuse hemor- 
rhages in the right atrium of the heart. 


notic nucleus. Peritubular cellular infiltration 
was rarely encountered. Epithelial necrosis was 
limited to the medulla and occurred in eight 
(20 per cent) of the thirty-nine cases, fairly 
equally distributed among the groups. Cloudy 
swelling and hydropic degeneration of the 
proximal convoluted tubular epithelium with 
tubular lumina distended by abundant homo- 
geneous eosinophilic material and hyaline casts 
were prominent in cases from the hypotensive, 
transitional and oliguric groups. In the diuretic 
group the proximal tubular lumina were usually 
dilated although devoid of contents. The 
epithelium was of average cellularity but the 
amount of cytoplasm was diminished. In several 
patients who died after prolonged diuresis the 
tubular epithelium was so flattened and hypo- 
cellular that it resembled an endothelial type 
lining. These cases did not exhibit the epithelial 
regeneration apparent in the other cases of this 
group. Interstitial edema of the renal cortex 
was common, especially in the oliguric group. 
The glomeruli were of average cellularity. 
Distention of Bowman’s space by homogeneous 
eosinophilic deposits was common in the early 
phases of the disease. The epithelial cells of 
Bowman’s capsule were enlarged and cuboidal. 

Pituitary Gland. The pituitary was usually 
slightly enlarged and its infundibulum ap- 
peared deeply congested. The cut surface of the 
anterior lobe was described as congested, with 
pale yellowish-tan areas of necrosis frequently 
noted. Microscopically, in the hypotensive 
group the anterior lobe of the pituitary gland 
was diffusely and intensely congested, occa- 
sionally with one or several ill defined areas of 
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early necrosis in which only the pale eosinophilic 
outlines of parenchymal cells remained. In the 
transitional, oliguric and diuretic groups, areas 
of necrosis were observed in almost every case 
after the ninth day of the disease. Usually they 
appeared as clearly demarcated foci of homo- 
geneous eosinophilic material circumscribed by 
a distinct zone of sinusoidal hyperemia without 
cellular infiltration. These areas of necrosis 
generally were located in the central portion near 
the fibrovascular stalk of the infundibulum. If 
necrosis was severe, involving almost the entire 
central portion of the gland, a peripheral sub- 
capsular zone of relatively uninvolved paren- 
chymal cells remained. Focal necrosis in the 
anterior lobe of the pituitary gland, noted in 
twenty-eight (72 per cent) of the thirty-nine 
cases, Closely paralleled the 77 per cent incidence 
of this change in the 1951 cases. After the ninth 
day of disease focal necrosis occurred in fourteen 
of the seventeen cases in the transitional, oliguric 
and diuretic groups; in two cases there were 
areas of stromal collapse. Necrosis was generally 
slight or absent in cases of the hypotensive 
group and slight or moderate in those of the 
transitional shock group. Pituitary glands from 
five of the nine cases of the oliguric group ex- 
hibited such characteristic gross changes that 
they were used as museum specimens and two 
others also exhibited extensive necrosis. Severe 
necrosis was most commonly observed in cases of 
the diuretic group although it was slight in four. 
In two cases in which death occurred at eighteen 
and twenty-eight days, respectively, small areas 
in the anterior lobe of the pituitary were devoid 
of parenchymal cells and consisted primarily of 
collapsed connective tissue stroma _ without 
cellular infiltration. They probably represented 
the residua of previous foci of necrosis. 

Adrenal Glands. ‘The adrenal glands were ap- 
proximately of normal size with considerable 
reduction in cortical lipoid. In a few cases con- 
gestion of the sinusoids in the region of the 
zona reticularis was prominent but not intense. 
Focal necroses, usually of microscopic size, were 
observed in eleven (28 per cent) of the thirty- 
nine cases which were distributed rather equally 
among all groups. Large areas of necrosis were 
observed in three cases from the hypotensive 
group. Diffuse hemorrhagic necrosis involved 
one-third of the adrenal cortex in one case, and 
the superior third of both adrenal glands in 
two others. The adrenal medullae were little 
altered. 
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Fic. 2. Case 26 (AFIP Acc. 546381). On the cut surface of the kidney the intense cow. 
gestion of the medulla contrasts sharply with the pale cortex. Note the subepithelial 
hemorrhages in the pelvis and calices. 


Respiratory System. In the hypotensive and 
transitional groups the lungs were slightly con- 
gested and of little more than normal weight. 
Mild pulmonary edema was observed in five 
of the seventeen cases of the two groups and 
bronchopneumonia in two cases. In three of the 
nine cases of the oliguric group the lungs were 
distinctly heavier than normal. Edema was 
prominent in five cases and associated with 
moderate bronchopneumonia with very early 
abscess formation in two instances. Micro- 
scopically, pulmonary edema appeared as a 
deeply eosinophilic homogeneous material that 
contained scattered erythrocytes. Similar ma- 
terial was interspersed in areas of hemorrhage 
and bronchopneumonia, frequently with masses 
or isolated clumps of bacteria, especially in areas 
of early abscess formation. In the thirteen cases 
of the diuretic group, bronchopneumonia was 
associated with pulmonary edema of significant 
degree in eight cases in which death occurred be- 
tween the tenth and sixteenth days. Abscess 
formation was associated with bronchopneu- 
monia in five of the six patients who died in the 


diuretic phase later than the seventeenth day of Fic. 3. Case 26. The intense congestion of the renal 
disease. In one of these cases (No. 33) there was medulla is most striking near the corticomedullary 
diffuse pulmonary aspergillosis with early junction. X5. 

abscess formation and multiple small metastatic 

abscesses in both cerebral hemispheres and in Hematopoietic System. The spleen was usually 


one kidney. Pulmonary aspiration was another of average size, exceeding 250 gm. in only two 
complicating feature in two cases of the oliguric cases. In the hypotensive and transitional groups 
group and in one case of the hypotensive group. the cut surface of the spleen was bulging, soft 
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and dark red without prominent follicles. 
Microscopically, the splenic pulp exhibited 
intense congestion in which the sinusoidal 
pattern was not discernible. The follicles were 
of average size. There was a diffuse moderate 
increase in the cellularity of the splenic pulp in 
which numerous large mononuclear cells that 
resembled early myeloid elements formed clus- 
ters suggesting myelopoiesis. Subendothelial 
infiltration of trabecular veins by similar cells 
was commonly noted. Megakaryocytes were 
observed in only an occasional case and then 
were not numerous. In the other groups the 
spleens were generally smaller; microscopically, 
the follicles were small and the splenic pulp was 
of average cellularity and only slightly congested. 

The lymph nodes were frequently described 
as grossly enlarged. Microscopically, mono- 
nuclear cells, similar to those observed in the 
splenic pulp, were seen within the medullary 
cords and in the sinusoids. In a few cases the 
sinusoids were distended with lymph and con- 
tained a few erythrocytes and numerous mono- 
nuclear cells. In the hypotensive phase, when 
retroperitoneal edema and interstitial edema 
were conspicudus, widely distended lymphatics 
were commonly observed in the submucosa of 
the small intestine and in the portal areas of the 
liver. 

Bone marrow specimens, usually from both the 
lumbar vertebra and sternum, were available 
for study in thirty-seven cases. Intense conges- 
tion was a striking feature in the hypotensive 
and transitional groups, and often was asso- 
ciated with a moderate increase in cellularity of 
the marrow, with rather densely cellular foci 
with a predominance of myelopoiesis. Mega- 
karyocytic hyperplasia was observed in twenty- 
two (60 per cent) of the thirty-seven cases, 
including eleven of twelve cases of the hypo- 
tensive group at the time that thrombocyto- 
penia was most commonly observed. In three of 
these cases megakaryocytic hyperplasia was 
severe; in the other groups it was less common 
and almost invariably mild. 

A total of fifty-two platelet determinations 
was recorded in twenty-nine cases, an average 
of 1.8 determinations per case, all performed 
between the fourth and twelfth days of the 
disease. Reduction in the platelet counts to 
less than 100,000 was recorded in seventeen (58 
per cent) of the twenty-nine cases, generally 
between the fifth and eighth days. In the twelve 
cases without thrombocytopenia there were 
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only two with more than a single platelet count 
recorded between the fourth and the eighth days. 

Leukocytosis was commonly reported in this 
period of the disease and often reached leuke- 
moid proportions. 

Gastrointestinal Tract. Petechiae and ecchy- 
moses, usually small, were the most common 
abnormalities observed in the gastrointestinal 
tract, occurring in thirty-one (80 per cent) of the 
thirty-nine cases. The hemorrhages were most 
numerous along the summits of the rugal folds 
in the body of the stomach, frequently forming 
a regular interconnecting linear pattern. Micro- 
scopically, the petechiae were situated in the 
most superficial portion of the lamina propria 
and usually appeared as laked blood that ex- 
tended into the overlying epithelium. The 
hemorrhage was severe and almost confluent 
throughout the stomach in four cases in which 
death occurred on the seventh or eighth day of 
disease (two cases from the hypotensive group 
and two from the transitional group). In the 
presence of such extensive hemorrhages, 100 to 
300 cc. of bright red blood was found in the 
stomach at the time of autopsy. Thrombocyto- 
penia of 54,000 and 88,000 was recorded in two 
(Nos. 20 and 4) of the three cases with recorded 
platelet determinations, and megakaryocytic 
hyperplasia of the bone marrow was noted in 
postmortem specimens from both. Gastrointesti- 
nal hemorrhage of 500 cc. was described in one 
patient from the oliguric group who had severe 
azotemia with multiple superficial gastric mu- 
cosal ulcerations. 

Liver and Gallbladder. The liver was of 
average size in the early phase of the disease and 
enlarged in the oliguric and diuretic phases, 
four of the twelve from the latter group exceed- 
ing 2,000 gm. Passive hyperemia of the liver, 
although common, was seldom marked. Focal 
necrosis, generally mild, occurred in thirteen 
(33 per cent) of the thirty-nine cases and usually 
involved only small mid-zonal portions of a 


hepatic lobule, occasionally ‘associated with 


a slight mononuclear cell infiltration. In two 
cases areas of necrosis were numerous and 
frequently confluent. Diffuse parenchymal cell 
degeneration, generally in the form of early fatty 
metamorphosis, was commonly observed. A few 
mononuclear cells, similar to those in the hema- 
topoietic system, were scattered throughout the 
portal areas. Edema of the wall of the gall- 
bladder, though infrequent, was the only 
pathologic change observed in the biliary tract. 
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Pancreas. In the hypotensive and transitional 
groups slight capillary congestion frequently 
was evident in association with edema of the 
peripancreatic and perilobular connective tissue. 
Dilatation of the pancreatic acini and intra- 
lobular pancreatic ducts, as described by 
Baggenstoss? in uremia and dehydration, was 
noted in thirteen (36 per cent) of the thirty-six 
cases in which tissue was available for micro- 
scopic examination. It was most severe in the 
seven patients of the diuretic group in whom 
azotemia and dehydration were prominent. A 
sparse mononuclear and neutrophilic leukocytic 
infiltration frequently accompanied edema and 
ductal dilatation, and small foci of necrosis were 
seen in the case with the most severe lesions. 

Central Nervous System. In the central nervous 
system hemorrhagic phenomena, usually scat- 
tered petechiae, were observed in sixteen (41 per 
cent) of the thirty-nine cases, with roughly equal 
distribution in all groups. The most prominent 
hemorrhagic lesions occurred in five patients 
who died during the oliguric or diuretic phase, 
between the tenth and the eighteenth day of 
disease. Petechiae were seen in the pons and 
medulla in three cases; diffuse massive petechial 
hemorrhages were noted throughout both 
cerebral hemispheres in one, and extensive 
subarachnoid hemorrhage about the pons and 
cerebellum in another (No. 22). The brain was of 
average size early in the disease and heavy 
later. Cerebral edema was marked in six cases in 
which brain weight exceeded 1,500 gm., five of 
them from the oliguric and diuretic groups. 

Skin and Muscle. Increased prominence of the 
vessels of the subpapillary portion of the corium, 
accompanied by a slight perivascular infiltration 
of mononuclear cells, as described by Steer and 
Hullinghorst,' was seen in the 1952 cases. 

Small perivascular aggregates of mono- 
nuclear cells were occasionally noted in striated 
muscle, although no changes were apparent 
in the vessel walls. In a few cases there was 
granular or hyaline degeneration of the muscle 
fibers. 

CAUSES OF DEATH 

In the seventeen cases of the hypotensive and 
transitional groups persistent shock that had 
become refractory to therapy was the major 
factor in the cause of the death; however, pul- 
monary aspiration of gastric contents was the 
immediate cause in one case and hyperkalemia 
in another. | 

In the nine cases with varying degrees of 
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azotemia making up the oliguric group death 
was attributed to a combination of pulmonary 
edema and bronchopneumonia in six cases, with 
pulmonary abscess formation an added feature 
in two. Recurrent severe secondary shock was 
the precipitating factor in two (Nos. 13 and 
24) of the three remaining cases, and pulmonary 
aspiration in the third (No. 13). Death was 
abrupt in one case (No. 25) with pulmonary 
complications in which there was clinical evi- 
dence of hyperkalemia. 

In the thirteen cases of the diuretic group, 
azotemia was receding but still often severe. 
Pulmonary complications continued to be the 
major factor in causing death. Eight of the thir- 
teen cases exhibited significant degrees of com- 
bined pulmonary edema and bronchopneumonia, 
with superimposed abscesses in five. In one case 
(No. 19) death resulted from pulmonary asper- 
gillosis with metastatic renal and cerebral 
abscesses. Severe secondary shock was also an 
important factor in six cases with pulmonary 
complications and the major factor in two cases 
(Nos. 11 and 49). Death apparently resulted 
from prolonged diuresis with electrolyte im- 
balance in one case (No. 29), diffuse subarach- 
noid hemorrhage about the pons and the 
cerebellum in another (No. 22) and cerebral 
edema during severe azotemia in a third (No. 16). 


DISCUSSION 


The pathologic changes in the thirty-nine 
fatal cases of hemorrhagic fever in 1952 closely 
resemble the descriptions of the 1951 cases by 
Steer and Hullinghorst!:? and those in Mayer’s 
review® of the Japanese and Russian literature, 
supporting the general belief that the diseases 
observed in Korea, Manchuria and Siberia are 
the same entity. Although no specific vascular 
lesion has been found in the 1952 cases, the 
pattern of the pathologic changes strongly sug- 
gests that vascular damage constitutes the basic 
disease process. The etiology and mechanism of 
this vascular injury are unknown. Search for 
etiologic agents in the cases of this presentation 
was limited primarily to stains for rickettsia. 
Although this study was fruitless, it was not 
sufficiently complete to justify any conclusions. 
The pattern of pathologic change observed does 
not resemble that of any other disease in the 
experience of this author. 

The prominence of capillary engorgement, 
diapedesis of erythrocytes, focal hemorrhages 
throughout the parenchyma! organs and serosal 
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and mucosal surfaces, and the altered capillary 
permeability reflect vascular damage. Some- 
what similar changes were observed by Moon!® 
in secondary shock of various etiologies and he 
considered them to be evidence of endothelial 
damage. The retroperitoneal edema character- 
istic of the initial period of shock in hemorrhagic 
fever suggests severe vascular damage. This 
manifestation of altered capillary permeability 
was not described by Moon in secondary shock 
of various duration nor did he mention the 
severe congestion and hemorrhage in the renal 
medulla or the hemorrhage in the right atrium 
of the heart that are such constant features in 
fatal cases of hemorrhagic fever. These changes, 
although varying in extent, are seen in every 
stage of hemorrhagic fever even when death 
occurs in the absence of shock. 

The most prominent clinical features of the 
disease from the fifth to the ninth day, i.e., 
hypotension and shock with hemoconcentration, 
probably result from vascular damage with 
severe congestion and increased vascular perme- 
ability. The rare occurrence of retroperitoneal 
edema in patients living beyond the eighth day 
of the disease, coincident with the recession of 
hemoconcentration, suggests that the primary 
vascular damage had subsided. Secondary shock 
later in the disease was generally not accom- 
panied by retroperitoneal edema. The absence 
of retroperitoneal and interstitial edema in the 
oliguric group coupled with the sudden ap- 
pearance and increased incidence of pulmonary 
edema suggests that the abnormal interstitial 


fluid is resorbed and redistributed at the end of - 


the initial period of shock. 

The coexistence of bronchopneumonia and 
pulmonary edema in many late cases, often 
associated with abscess formation, may indicate 
that the proteinaceous fluid provides a fertile 
medium for bacterial growth. This has been 
suggested by Moon!'! who noted similar lesions 
occurring approximately forty-eight hours after 
the onset of secondary shock in cases with the 
pulmonary edema described as albuminous in 
appearance. The exudate of the _ broncho- 
pneumonia contained an abundance of pro- 
teinaceous and fibrinous material intermixed 
with polymorphonuclear leukocytes and bac- 
teria, often with the formation of bacterial 
colonies. Necrosis of the alveolar walls and 
abscess formation are frequent findings that are 
inconsistent with the degree of cellular response 
exhibited. 


Evaluation of the role of shock in production of 
the typical renal lesion is aided by several signif- 
icant clinical observations. The albuminuria 
early in the disease that commonly precedes 
the onset of shock may be evidence of the gen- 
eralized capillary involvement.*!? In addition, 
oliguria has been noted to develop in the absence 
of hypotension.* Congestion of the renal medulla 
was described by Moon in secondary shock but 
not of the intensity that is such a striking and 
constant feature in hemorrhagic fever. It is 
suggested that the medullary congestion and 
hemorrhage are the result of vascular damage 
and the ensuing shock is a contributing factor. 
The variable tubular epithelial necrosis, hemo- 
globin casts and the focal necrosis observed in the 
renal medulla in the 1951 cases’ * are considered 
secondary to anoxemia resulting from both fac- 
tors. Moreover, reduction in renal function 
without necrosis may result from transient 
alterations in epithelial cellular metabolism due 
to the anoxemia of stasis and increased tissue 
tension in the medulla Persistence of medullary 
congestion in the diuretic group and the recur- 
rence of shock undoubtedly are significant 
factors delaying the regeneration of tubular 
epithelium and return of normal function. How- 
ever, it is not possible in this small group of cases 
to evaluate the factors that influence regenera- 
tion of tubular epithelium in hemorrhagic fever. 

Analysis of the role of shock in the production 
of necrosis in the anterior lobe of the pituitary 
gland seems to indicate that shock is not the 
only major factor. According to Sheehan and 
Murdock?* there is a definite relationship be- 
tween the size and frequency of postpartum 
pituitary necrosis and the severity of shock, 
occurring in those patients who survived more 
than fourteen hours after delivery. In the hypo- 
tensive group of hemorrhagic fever, however, 
pituitary necrosis was least frequent when shock 
was most severe and had persisted from eighteen 
to thirty-six hours. It is possible that the time 
which elapsed after cellular death in these 
cases may have been insufficient for development 
of recognizable histologic changes. Furthermore, 
the lesion was noted in several cases of the 
diuretic group in the absence of previous shock 
and was present in almost every case after the 
ninth day of disease regardless of the severity 
and duration of preceding shock. 

Since the blood supply of the pituitary is 
primarily venous in origin and derived from the 
hypophyseal-portal system, it is my belief that, 
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in. the absence of shock, necrosis may occur as a 
result of anoxemia from stasis due to capillary 
damage. The characteristic intense congestion 
of the anterior lobe and the infundibulum of the 
pituitary, a manifestation of stasis in a hypo- 
physeal-portal system, supports this concept. An 
addition factor may be increased susceptibility 
of the parenchymal cells to anoxemia during 
stress. The necrosis in the adrenals and liver is 
probably more directly related to shock than 
vascular damage, since Moon has noted it 
frequently in secondary shock. 

The relationship of thrombocytopenia to the 
vascular damage is not clear and platelet deter- 
minations were not sufficiently numerous to 
allow a general conclusion. However, the high 
incidence of thrombocytopenia recorded pre- 
dominatly between the fourth and eighth day 
and the frequency of megakaryocytic hyper- 
plasia in autopsy specimens from all groups 
strongly suggest that thrombocytopenia may be 
a significant factor. This may contribute par- 
ticularly to the development of gastrointestinal 
hemorrhage which is severe only during this 
period. 

The association of significant hemorrhagic 
phenomena in the central nervous system and 
cerebral edema in the oliguric and diuretic 
phases with episodes of hypertension is sug- 
gested but cannot be proved because these lesions 
are infrequent. 

SUMMARY 

The pathologic changes observed in thirty- 
nine fatal cases of hemorrhagic fever in 1952 
have been studied in the light of the significant 
clinical data. The cases have been grouped 
according to the clinical phase in which death 
occurred in an attempt to determine the se- 
quential development of the pathologic changes 
and to evaluate the role of shock in their 
pathogenesis. Several conclusions resulting from 
this correlation of clinical and pathologic data 
seem clearly evident. 

The almost constant occurrence of hemor- 
rhage in the right atrium of the heart, of severe 
congestion of the renal medulla, and of con- 
gestion and infarct-like necrosis in the anterior 
lobe of the pituitary gland, in association with 
the pattern of the vascular changes, supports 
the contention proposed in the Japanese liter- 
ature and by Steer and Hullinghorst':? that 
capillary damage is the basic process. Retro- 
peritoneal edema, observed only once in second- 
ary shock, is the striking pathologic feature 
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when the patient dies during shock in early 
phases of the disease. It is rarely encountered 
after the eighth day when the initial shock 
usually terminates, suggesting that vascular 
damage has subsided. Recurrent shock in the 
later phases of the disease is due to other con- 
tributing factors. 

The abrupt increase in incidence of pulmonary 
edema in the oliguric phase, particularly after 
the eighth day of the disease when retroperitoneal 
edema is rare, supports the clinically suspected 
role of redistribution of fluid and electrolytes 
coincident with resorption of the abnormal 
interstitial fluid. 

The frequent coexistence of pulmonary edema 
and bronchopneumonia in the oliguric and 
diuretic groups and the high incidence of 
pulmonary abscess formation support the con- 
cept of Moon that pulmonary edema of the 
albuminous type is conducive to the develop- 
ment of pulmonary infections. 

The almost constant presence of necrosis of 
the anterior lobe of the pituitary gland in cases 
of more than nine days’ duration, irrespective of 
occurrence, type or duration of preceding 
shock, strongly suggests that shock is not the 
only major factor in the pathogenesis of pituitary 
necrosis in hemorrhagic fever. Anoxemia from 
severe congestion and stasis resulting from 
vascular damage is also an important factor and 
probably is the major cause of necrosis in the 
absence of shock. 
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Observations on the Hemostatic Defect in 
Epidemic Hemorrhagic Fever’ 


Capt. FRANK W. FurTH, M.C.T 


ESCRIPTIONS of the hematologic changes 
associated with hemorrhagic fever have 
appeared in published reports of the 

disease. ':? These include increases in hemoglobin 
concentration, hematocrit and leukocyte and 
erythrocyte counts toward the end of the febrile 
phase and during the shock phase. Increased 
numbers of immature granulocytes are found in 
the peripheral blood during the febrile and 
shock phases whereas mature granulocytic 
elements and abnormal lymphocytic forms 
resembling Downey cells accompanying an 
absolute lymphocytosis are common during the 
oliguric and convalescent phase. All these 
observations have been confirmed by the present 
author but need not be reported here. 

Previous studies on the hemorrhagic aspect of 
the disease further revealed increased capillary 
fragility (positive Rumpel-Leede’s test) during 
the early phases, increased bleeding time and 
decreased platelet counts between the third to 
the tenth or twelfth day of the disease. Pro- 
thrombin time and coagulation time have been 
reported to be normal.!:? Bone marrow aspira- 
tion studies and examinations of postmortem 
marrow specimens have revealed hyperplasia 
during the febrile and hypotensive phases. !:* 

The purpose of the present paper is to describe 
further observations on the factors concerned 
with coagulation during the course of hemor- 
rhagic fever. 


CLINICAL MATERIALS AND METHODS 


All observations were made at the Hemor- 
rhagic Fever Center in Korea during the fall of 
1952. Of the twenty-nine patients studied 
nineteen had a mild course, four a moderately 
severe course and six a severe course. Two 
patients in the latter group succumbed. Fre- 
quent platelet counts and other coagulation 


studies were made in all twenty-nine patients, 
often daily. The platelets were enumerated in a 
counting chamber using Rees-Ecker solution as 
a diluent. Prothrombin times were determined 
by the one-stage procedure of Quick. The nor- 
mal time (100 per cent value) by this method 
was between twelve and thirteen seconds. 
Clotting times were determined by the Lee- 
White method, the last tube to clot being taken 
to indicate the clotting time. Prothrombin 
consumption was determined sixty minutes after 
clotting by the method of Stefanini and Crosby.‘ 
Clot retraction was measured by noting the 
amount of retraction after one hour of incuba- 
tion at 37°c. 


RESULTS 


The most frequently observed abnormality in 
the coagulation mechanism was a depression of 
the platelet count. Every patient studied had a 
moderate thrombocytopenia with platelet counts 
in the vicinity of 100,000 per cu. mm. during 
the early phase of the illness when fever was 
present and before hypotension had developed. 
Abnormal platelet forms were observed in smears 
of the peripheral blood at the time thrombo- 
cytopenia was present. Many platelets were 
abnormally large. Clotting times were within the 
normal range (four to ten minutes) during this 
phase. Six patients had diminished prothrombin 
activity during the febrile phase but in only two 
instances was it below 60 per cent of the normal. 
It was during this febrile stage that skin, palatal 
and conjunctival petechiae appeared. No clini- 
cally serious bleeding was observed in any of the 
present patients during this phase. 

A hypotensive or shock phase was observed in 
fourteen patients. The platelet count in most 
patients remained below normal during the 
hypotensive phase and was as low as 25,000 


* From the 48th Surgical Hospital (Mobile Army), APO 301, and the Department of Hematology, Army Medical 
Service Graduate School, Walter Reed Army Medical Center, Washington 12, D. C. Requests for reprints should be 
addressed to Dr. David P. Earle, New York University College of Medicine,*New York 16, N. Y. 

{ Present address: University of Rochester Medical School, Rochester, N. Y. 
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per cu. mm. in two patients in severe shock. 
Three patients, including those already men- 
tioned, had clotting times in excess of twenty 
minutes and prothrombin activities of 50 per 
cent or less of normal during periods of pro- 
longed and severe shock. In two of these pa- 
tients external evidence of considerable bleeding 
developed. Altogether, five patients had prolon- 
gation of the clotting time during the hypotensive 
phase. All fourteen patients who had a recognized 
hypotensive episode had prothrombin concentra- 
tions of 80 per cent or less of normal during the 
period of hypotension. Bleeding of serious clinical 
consequence occurred in one patient during 
shock at a time when the clotting time was in 
excess of twenty minutes, prothrombin activity 
40 per cent of normal and the patelet count in the 
range of 40,000 to 70,000 per cu. mm. 

Special studies employing normal plasma and 
normal plasma treated with calcium phosphate 
gel (deficient in prothrombin and stable factor) 
were made on the plasma of one patient. This 
plasma was obtained during a period of shock 
when the prothrombin activity was 50 per cent 
of normal, clotting time twenty-two minutes 
and the platelet count 25,000 per cu. mm. AIl- 
though the presence of a small amount of 
circulating anticoagulant could not be excluded 
with certainty, these studies clearly demon- 
strated that both prothrombin and the stable 
factor were significantly decreased in this plasma. 

During the oliguric phase the prothrombin 
activity returned promptly to normal in all but 
one patient. In this patient jaundice and 
hepatomegaly developed and concurrent hepa- 
titis was suspected. The clotting time returned to 
normal in all patients. However, during the 
oliguric phase the platelet count remained at 
150,000 per cu. mm. or below in all but three 
patients. Evidence of a bleeding tendency per- 
sisted throughout the oliguric phase in some 
patients. 

_ Five of the seven patients who had a severe or 
moderately severe hypotensive episode and in 
whom hypertension subsequently developed 
during the oliguric phase had one or more 
manifestations of external bleeding such as 
epistaxis, hematemesis, purpura, melena or gross 
hematuria. These hemorrhagic phenomena oc- 
curred during the hypertensive period. Platelet 
counts in these five patients were below normal, 
four having counts below 100,000 per cu. mm. 
at the time the bleeding occurred. Factors con- 
tributing to the bleeding during the hypertensive 
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period included physical trauma associated with 
vomiting, retching, marked restlessness and 


convulsive episodes. It would seem likely that 


these factors in conjunction with the thrombo- 
cytopenia could adequately explain the hemor- 
rhagic manifestations observed at this stage of 
the disease. However, the possibility of persistent 
capillary damage cannot be excluded. 

Clot retraction studies were not particularly 
revealing. Poor clot retraction was consistently 
associated with decreased platelet counts. Thir- 
teen prothrombin consumption determinations 
were performed with blood obtained from five 
patients. In all instances the prothrombin 
utilization was within the normal range. This 
would indicate that there was no defect in the 
formation or concentration of thromboplastin. 
None of these patients, however, had extremely 
low platelet counts at the time the test was done. 


COMMENTS 


Several possible explanations for the persistent 
thrombocytopenia observed in epidemic hemor- 
rhagic fever can be offered. Bone marrow 
aspirations were not made during this study but 
a previous report! indicated that increased 
numbers of megakaryocytes may be found in the 
marrow. Abnormal platelets are found, similar 
to those seen in other thrombocytopenic diseases. 
It is possible that increased platelet destruction 
occurs. This could result from widespread 
capillary damage, to which the _ increased 
transudation of plasma which occurs during this 
disease®*® is attributed. Platelet agglutination 
associated with the appearance of autoimmune 
antibodies is also a distinct possibility although 
it has not been studied. The thrombocytopenia, 
together with capillary damage, would seem to 
explain adequately the bleeding which is 
observed in hemorrhagic fever, particularly 
when mechanical stresses such as vomiting and 
convulsions occur concurrently. The coagulation 
defect found in this disease during the period of 
renal insufficiency may be similar to the defect 
which has been observed in acute post-traumatic 
renal insufficiency.’ This is particularly true in 
the severely ill individual and may contribute 
materially to the bleeding seen in these patients. 


SUMMARY 


Studies of the coagulation mechanism in 
epidemic hemorrhagic fever reveal abnormalities 
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in prothrombin activity, clotting time and plate- 
let count. Persistence of thrombocytopenia, 
which develops early in the disease, through the 
oliguric-hypertensive phase would appear to be 
causally related to the bleeding phenomena 
observed. Occasional marked deficiencies in 
plasma coagulation factors are found in seriously 
ill patients and may contribute to clinically 


significant bleeding. This plasma coagulation 


defect-is similar to that observed in acute renal 
insufficiency and has not been clearly defined. 
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Blood Volume in Epidemic 


Hemorrhagic Fever’ 


LieuT. Rosert B. Gries, M.c.t and Major Epwarp A. LANcpDon, M.c.{ 


EMORRHAGIC fever is characterized by a 
H febrile phase of four to six days’ dura- 
tion followed by a hypotensive phase 
and then a period of renal insufficiency. Shock 
occurs in approximately 16 per cent of the cases 
at the time of defervescence and has been re- 
sponsible for over one-third of the deaths.! 
There is much evidence that the shock occurring 
during some severe infections is due to loss of 
vascular tone with little or no change in blood 
volume.?-* In hemorrhagic fever, however, 
diminution in plasma volume has been con- 
sidered to be a major factor in the development 
of shock. An increase in hematocrit with no 
increase in total serum proteins together with 
marked retroperitoneal edema in patients dying 
in shock*~® are indirect evidence for plasma loss 
by capillary leakage. 

A study of blood and plasma volume during 
the different phases of hemorrhagic fever was 
therefore undertaken. The T-1824 (Evans blue 
dye) method was chosen because of its simplicity 
and ready adaptability to use in an army field 
hospital; moreover, the disappearance rate of 
the dye from the plasma would serve as an index 
of capillary permeability and plasma leakage. 
In addition, the blood volume was measured in a 
smaller number of patients by the tagged 
(P-32) red cell technic. Comparison of volumes 
as measured by the two technics was made in a 
few patients. 


MATERIALS AND METHODS 


Studies with T-1824. Control blood volume 
determinations were made in five young adult 
males of the laboratory staff who were in good 
health and in four who had had malaria. All 
determinations in the latter group were per- 


formed after they had been afebrile and asympto- 
matic for forty-eight hours or longer. 

Eight of the patients with hemorrhagic fever 
were studied while in clinical shock. Although 
the severity of the shock varied considerably, 
these patients had several or all of the following 
criteria of shock: systolic arterial pressure of 
85 mm. Hg or less, weak or absent radial 
pulsation, heart rate of 120 per minute or 
higher, warm and moist skin later becoming 
cold and pale or cyanotic, and prolonged 
blanching time of the skin. All had increased 
hematocrits during the shock phase but not 
necessarily at the time of study. 

The treatment varied according to the severity 
of shock. Three patients required two to four 
units of albumin intravenously (human con- 
centrated salt-poor albumin, 25 gm. per 100 cc. 
unit) to control their hypotension. The five 
remaining patients were treated throughout the 
shock phase with constant intravenous infusions 
of L-arterenol. One of these had only mild shock 
which required no supplementary therapy, four 
were in severe shock and required albumin 
in addition to L-arterenol. 

Studies in patients who had no shock were also 
made. Of these four were thought to have disease 
of moderate severity with increased hematocrits 
during. the hypotensive phase and maximum 
blood urea nitrogen values ranging from 95 to 
160 mg. per cent, although none of these had 
blood pressures less than 100/60. Nine patients 
were considered to have mild hemorrhagic 
fever, generally with relatively small increases in 
hematocrit and maximum blood urea nitrogen 
values that ranged from normal to 90 mg. per 
cent. 

Finally, several studies were made during late 


* From the 48th Surgical Hospital (Mobile Army), APO 301, and the Army Medical Service Graduate School, 
_ Walter Reed Army Medical Center, Washington 12, D. C. Requests for reprints should be addressed to Dr. David P. 
Earle, New York University College of Medicine, New York 16, N. Y. 
t Present address: Massachusetts General Hospital, Boston 14, Mass. 
t Present address: Letterman Army Hospital, San Francisco, Calif. 
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convalescence in four patients who had had 
Severe hemorrhagic fever. All had had severe 
azotemia with blood urea nitrogen values ex- 
ceeding 250 mg. per cent and presented evidence 
of residual renal damage during their prolonged 
convalescence, with hyposthenuria, polyuria 
and nocturia. In addition two were anemic at 
the time of study. 

In all cases the blood volume determinations 
were made under the best basal conditions possi- 
ble and before intravenous therapy was started. 

The plasma volume determinations were per- 
formed with the Evans blue dye (T-1824*) with 
a technic modified from that of Gregersen.!°~!* 
The dye-tinged specimens were collected with- 
out stasis from the antecubital vein opposite that 
used for the dye injection at ten-minute intervals 
for an hour following injection. Dye-tinged 
plasma standards were prepared for every deter- 
mination during the first half of the study until it 
became obvious that the standard curves were 
identical for all plasmas, whether from azotemic 
patients or not. The mean and standard devia- 
tion of the K values determined in forty-two 
separate plasmas was 118 + 4 (fifteen of these 
were azotemic with blood urea nitrogen values 
ranging up to 190 mg. per cent). Thereafter the 
standard curve was determined only when a new 
lot of dye was used. 

Total blood volumes (TBV) were calculated 
from the equation: 


PV 
TBV = 


100 — (Hct X 0.960) 


x 100 


where Hct is the hematocrit (Wintrobe method) 
and 0.960 is the correction factor for trapped 
plasma.'* Total plasma proteins were estimated 
from the plasma specific gravities obtained by 
the copper sulfate method. 

‘The disappearance rate! is defined as the 
percentage of dye lost from the circulating 
plasma during the first hour: 


Co 
Co 


where Cp and Ceo are the dye concentrations at 
0 and 60 minutes, respectively. 

Studies with Tagged (P-32) Red Cells. Blood 
volumes were measured by a slight variation of 
the Reeve-Veall P-32 technic!* in four normal 
subjects and twelve patients in various phases of 

* Supplied in 5 ml. ampuls with exactly 25 mg. per 
ampul. 
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hemorrhagic fever. Simultaneous measurements 
with the T-1824 and the P-32 technics were 
made in seven of the studies. 

Approximately 15 ml. of the patient’s blood 
was incubated with 30 uc. of P-32 in the form of 
sodium phosphate. This was obtained from 
Abbott Laboratories and had been preassayed 
and sterilized. The incubation process was 
carried out at 37°c. for two hours. The cells 
then were washed three times and resuspended 
in isotonic saline solution. A calibrated 5 ml. 


- syringe was used for injection of the tagged cell 


suspension and for preparation of the standard. 
Two 10 ml. venous blood samples were with- 
drawn from the patient after permitting ade- 
quate mixing of the injected tagged red blood 
cells. Five ml. of bank blood was added to the 
standard after appropriate dilution. The red 
blood cells were hemolyzed by dilution with 
distilled water prior to the counting procedure. 
The standard and samples were each counted 
for a total of 2,000 counts. All counts were 
corrected for background and for dilution. Red 
blood cell volumes (RBV) and plasma volumes 
(PV) were calculated by using the hematocrit 
value corrected for trapped plasma. 


RESULTS 


T-1824 Technic. The mean plasma volume 
and standard deviation in ten experiments 
in nine control subjects was 44.2 + 6.1 ml./kg. 
body weight, the mean red cell volume was 
34.0 + 5.0 ml./kg., and the mean total blood 
volume was- 78.9 + 10 ml./kg. These values 
compare favorably with the findings of Wasser- 
man et al.!” who reported a mean plasma volume 
of 42.1 + 5.8 ml./kg., a mean red cell volume 
of 27.7 + 3.6 ml./kg. and a mean total blood 
volume of 69.8 + 8.3 ml./kg. 

The results of all the T-1824 determinations 
are summarized in Table 1. The serial changes 
in blood volume in these patients are presented 
in Figures 1, 2 and 3, and the dye disappear- 
ance rates in Figure 4. 

Two of the eight severely ill patients died in 
irreversible shock with marked reductions in 
plasma volume to 30.4 and 31 ml./kg. body 
weight. Of the six patients who survived shock 
three exhibited low plasma volume during 
shock, ranging from 29.5 to 31.2 ml./kg., 
whereas the other three had normal plasma 
volumes, ranging from 40.8 to 45.0 ml./kg. body 
weight. However, during the phases subsequent 
to shock the plasma volume of all patients in this 
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TABLE I 
1t-1824 BLOOD VOLUMES AND DISAPPEARANCE RATES IN HEMORRHAGIC FEVER 
Blood Volumes * Dye 
Day of | Phase of | Weight | Corrected a 
: Plasma Red Cells Total Rate 
(ml. /kg.) (ml. /kg.) (ml. /kg.) (% 1 hr.) 
Severely Ill Group 
H. F 5 Febrile 46 40.8 34.9 3.1 
11 Diuretic 75.0 37 47 .0 28.0 75.0 0.4 
23 Convalescent 75.9 37 50.2 30.0 80.2 1.9 
P. C. 4 Shock 55.0 61 30.4 48.6 79.0 23.0 
H. H. 6 Shock 73.6 36 29.5 16.2 45.7 24.0 
8 Oliguric 73.6 24 42.5 13.3 55.8 11.0 
41 Convalescent 63.1 28 41.5 15.9 57.4 11.0 
G. O. 6 Shock 75.5 47 30.4 26.9 57.3 10.0 
9 Oliguric 69.5 34 41.2 20.8 62.0 3.1 
33 Convalescent 63.1 27 42.6 15.6 58.2 6.6 
V.R 5 Febrile 62.6 48 41.4 38 .3 79.7 11.0 
6 Shock 58.1 52 42.0 45.0 87.0 12.0 
20 Diuretic 56.8 28 54.1 14.7 68.8 1.0 
35 Convalescent 57.2 35 54.4 28 .6 83.0 1.0 
S. M. 4 Shock tat 56 31.2 39.0 70.2 1.0 
15 Convalescent Fact 34 55.0 28.3 83.3 1.0 
P. T.f 4 Shock 75.9 54 31.0 35.9 66.9 9.4 
H. S. 6 Shock 76.4 47 41.1 36.4 77,3 1.5 
22 Convalescent 74.4 37 46.8 27.9 74.7 0.3 
E. G. 28 Convalescent 74.0 24 43.1 13.6 56.7 0.3 
36 Convalescent 70.0 35 41.9 22.1 64.0 6.1 
A. C. 60 Convalescent 71.4 36 58.1 32.0 90.1 0.3 
70 Convalescent 42.7 — 43 44.4 33.8 78.2 3.0 
S. M. 90 Convalescent 58.6 31 48.8 21.7 70.5 12.0 io 
96 Convalescent 58.1 32 44.8 20.8 65.6 4.0 
T. H. 106 Convalescent 60.6 45 40.1 33.2 73.3 0.3 
115 Convalescent 58.1 42 39.0 28 .6 67 .6 3.0 
Moderately Ill Group 
E. T. 6 | Hypotensive§| 73.6 53 34.3 38.4 72.7 20.0 
10 Oliguric 70.9 38 42.9 26.6 69.5 13.0 
15 Diuretic 68 .6 45 53.5 44.0 97.5 0.4 
45 Convalescent 78.4 43 54.6 40.8 95.4 0.9 
B. T. 6 Hypotensive§ | 60.0 56 44.2 55.3 99.5 5.4 
10 Diuretic 56.0 56 42.1 52.9 95.0 1.0 
tHe 5 Febrile 73.1 45 44.9 36.9 81.8 1.7 
7 Oliguric 73.1 46 36.2 31.0 67.2 0.8 
9 Diuretic 73.1 33 53.2 25.8 79.0 0.3 
R. B 3 Febrile 70.5 49 43.3 41.6 84.9 5.6 
6 Oliguric 65.9 43 48 .6 37.0 85.6 2.4 
Mildly Ill Group 
J. B. 7 Febrile 61.8 41 46.8 32.1 78.9 14.0 
J. 1. 6 Diuretic 80.0 42 41.6 30.4 72.0 3.0 
A. D. 5 | Hypotensive§| 72.7 51 39.2 40.6 79.8 6.0 
11 Diuretic 66.8 50 34.7 34.4 69.1 1.0 
20 Convalescent 77.3 39 37.4 24.2 61.6 10.0 
J. P. 5 Febrile 75.9 48 45.9 42.3 88.2 0.3 
15 Convalescent 72.7 40 50.0 33.6 83.6 2.6 
W. T. 5 Febrile | 66.5 37 56.6 33.6 90.2 0.4 
13 Convalescent 65.5 35 59.0 31.3 90.3 0.4 
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TABLE 1 (Mildly Ill Group—Continued) 


Blood Volumes * Dye 

. Day of Phase of Weight | Corrected pew 
Tilness Illness (kg.) | Hematocrit f 
Plasma Red Cells Total Rate 

(ml. /kg.) (ml. /kg.) (ml. /kg.) (% 1 hr.) 
E. P. 4 | Febrile 68.2 47 48.5 43.1 91.6 2.3 
3 12 Diuretic 68 .6 42 47.7 35.8 83.5 0.1 
B. M. 4 Febrile 52.7 47 42.2 37.5 : FREe 2.3 
12 Diuretic 48.4 36 47.5 27.0 74.0 rae 
A. M. 4 Febrile 70.0 45 44.9 36.8 81.7 5.8 
8 Diuretic 68.1 39 51.3 32.4 83.7 0.1 
W. P. 3 Febrile 79.0 49 40.8 39.4 80.2 3.2 
8 Diuretic 78.6 42 47.2 34.4 81.6 0.1 
19 Convalescent 78.6 39 47.2 30.6 77.8 0.1 


* Calculated on basis of initial weight except in the few instances in which the final weight was the greatest. 
ft Venous Wintrobe hematocrit corrected for 4 per cent trapped plasma. 


t Died in shock. 


§ These patients were in the hypotensive or “‘leakage’’ phase but did not have hypotension at the time of study. 


group increased significantly, as demonstrated in 
Figure 1. 

The red cell volume was decreased in four of 
the eight patients during the shock phase while 
the remainder had normal or slightly increased 
values. Large ecchymoses were present in both 
patients with low erythrocyte volumes although 
hemorrhage sufficient to account for such low 
values was not detected. Not only did the red 
cell volume of these two patients remain low 
during the subsequent phases and convalescence, 
but also those of three other patients decreased 
significantly in the subsequent phases. (Fig. 2.) 
The red cell volume in late convalescence among 
‘patients who had had a severe illness indicated 
a persistent anemia. 

The changes in the total blood volume were 
almost as marked. Four patients showed total 
blood volumes less than normal during the 
shock phase, ranging from 45.7 to 70.2 ml./kg. 
body weight, while the remainder were within 
normal range. During the subsequent phases the 
total blood volumes tended to increase toward 
normal, as shown in Figure 3. 

The plasma volume in one of the patients 
with moderately severe hemorrhagic fever was 
lower than normal during the hypotensive 
phase, while significant increases occurred in 
two others during later phases of the disease. The 
red cell volumes of two moderately ill patients 
decreased significantly during the period of renal 
insufficiency. The total blood volume was in the 
normal range in all patients of this group. 
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Changes in plasma and total blood volume in 
the mildly ill patients were less marked than in 
the other groups. However, a distinct tendency 
for the red cell volume to decrease was noted 
in the later stages. (Fig. 2.) 

The Dye Disappearance Rate. The dye disap- 
pearance rate in the ten control studies ranged 
from 0.4 per cent to 4.4 per cent per hour, with a 
mean of 1.98 per cent + 1.5. This compares to 
the mean of 5.2 + 1.6 per cent reported by 
Gregersen.!® During shock in hemorrhagic fever 
the disappearance rate was increased in the five 
patients with severe clinical shock, ranging 
from 9.4 to 24 per cent per hour. The three 
patients with milder shock had normal values, 
ranging from 1.0 to 3.1 per cent per hour. 
Among the moderately and mildly ill patients 
the disappearance rates were normal during the 
late febrile period in all but two, who had rates 
of 14 per cent and 20 per cent per hour. All 
values had returned to the normal range by 
convalescence, except in three patients who 
continued to have elevated disappearance 
rates during this period, with values ranging 
from 10 to 12 per cent. Two of these patients had 
had a severe course of illness. | 

Results with the P-32 Technic. ‘Table 1 shows 
the total blood volume, red cell volume, and 
plasma volume in four normal individuals and in 
twelve patients during various phases of hemor- 
rhagic fever, as determined by the radioactive 
phosphorus technic. Results in the normal indi- 
viduals revealed a mean plasma volume of 
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39.1 ml./kg. body weight, a red cell volume of 
32.1 ml./kg. and a total blood volume of 71.2 
ml./kg., which agrees well with the results 
reported by others,'!’ namely, 39.8, 25.8 and 
65.6 ml./kg., respectively. 
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human albumin prior to the determination, 
showed a low red cell volume, a high normal 
plasma volume and a normal total blood volume. 
Five patients were studied during the late 
oliguric phase. All showed decreased red cell 


10- 
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Fics. 1 to 4. Plasma, erythrocyte and whole blood volumes and T-1824 disappearance rates in severe, moderate 
and mild epidemic hemorrhagic fever. A, late febrile and hypotensive phases; B, oliguric and diuretic phases; C, 


convalescence; ©, patient died in shock. 


Of the patients with hemorrhagic fever, one 
studied during the febrile phase showed a normal 
red cell volume and a decreased plasma and 
total blood volume. Determinations were made 
in three patients during shock. Two had reduc- 
tions of all three values but the third patient, 
who had received one unit of concentrated 


volume, low to low normal total blood volume, 
and low to normal plasma volume. Determina- 
tions in three patients during the diuretic phase 
revealed an increased total blood volume and 
plasma volume and decreased red cell volume in 
two, and normal values in the third. Studies in 
four convalescent patients, all with mild anemia, 
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demonstrated in each case a decreased red cell 
volume, normal or elevated plasma volume, and 
normal or low total blood volume. 

Results of Simultaneous T-1824 and P-32 Blood 
Volume Measurements. It is unfortunate that 
more opportunity to make comparative studies 


TABLE II 
p-32 BLOOD VOLUME DETERMINATIONS IN FOUR NORMAL 
SUBJECTS AND IN PATIENTS IN VARIOUS PHASES OF 
HEMORRHAGIC FEVER 


cn, | 

Patient Group Weignt.| rected 

(kg.) Hema- 

it * 
Plasma Total 
E. L. Normal 90.4 44 40.8 32.2 | 73.0 
D. E. Normal 69.0 46 37.8 32.5 | 70.3 
T. D. Normal 63.6 49 36.2 34.2 | 70.4 
J. B. Normal 70.5 42 41.8 29.8 | 71.6 
D. D. Febrile 81.8 54 28.6 33.9 | 62.5 
P.T.t | Shock 75.9 53 23.2 | 26.2 | 49.4 
E. A. Shock 65.0 39 43.5 28.3 | 71.8 
H. S.tf Shock 76.4 48 31.2 28.2 | 59.4 
V.R.C.| Oliguric 56.8 39 29.0 18.9 | 47.9 
D. K. Oliguric 65.0 45 27.8 22.8 | 50.6 

C. W. -Oliguric 73.1 43 38.8 29.2 | 68 

K.N. Oliguric 71.8 43 32.0 24.1 | 56.1 
E.S. —_| Oliguric 62.6 42 39.8 28.5 | 68.3 
J.T. P. | Diuretic 54.5 45 39.1 32.2 1 71.3 
E. G.T Diuretic 74.1 25 67.8 22.4 | 90.2 
H. P. Diuretic 55.5 40 46.4 31.9 | 78.3 
E. B. Convalescent 58.6 35 44.7 24.0 | 68.7 
A. C.Tf Convalescent 71.4 37 39.5 22.4 | 61.9 
V.R.C.t| Convalescent 57.2 36 47.0 25.2 | 72.2 
M. M. Convalescent 73.1 44 36.2 28.6 | 64.8 


* Venous Wintrobe hematocrit corrected for 4 per cent trapped 
plasma. 
Tt These patients also appear in Table 1. 


between the T-1824 and P-32 technics was not 
available but the results in seven simultaneous 
determinations seemed to demonstrate identical 
trends. The body hematocrit was calculated 
from the formula: 


P-32 Red Cell Volume 
P-32 Red Cell Volume + T-1824 Plasma Volume 


The ratio of the body hematocrit to the venous 
hematocrit (corrected for trapped plasma by the 
factor 0.96), together with the T-1824 plasma 
and P-32 red cell volume, is presented in Table 
m1. It can be seen that this ratio was quite 
constant throughout the different phases of the 
disease in all but one of the patients (E. G.). 
That one discrepancy may represent a technical 
error. The mean and standard deviation of the 
ratios of six patients (excepting E. G.) is 0.84 + 
04. 


COMMENTS 


Any attempt to make a correlation between 
blood volume reduction and shock in cases of 
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hemorrhagic fever is made difficult by the fact 

that control determinations of blood volume 

before the illness are not available. An estimate 

of the loss of volume, however, may be made by: 

(1) comparison of the volume during shock with 

that during recovery; and (2) comparison of 
TABLE m1 


RESULTS OF SIMULTANEOUS T-1824 AND P-32 BLOOD VOLUME 
DETERMINATIONS IN HEMORRHAGIC FEVER 


P-32 
PI Cor- T-1824 
Patient of rected | Plasma er Body ict. 
Disease Hema- | Volume | volume | Venous Het. 
tocrit* (ml.) (ml.) 
D. E. Normal 46 3800 2240 0.81 
P. T. Shock 54 2350 2020 0.86 
H. S. Shock 47 3140 2130 0.86 
E. G. Diuretic 25 3200 1760 1.37 
H. P. Diuretic 40 3180 1770 0.88 
V.R.C. | Convalescent 35 3400 1440 0.86 
A. C. Convalescent 36 4150 1570 0.77 


* Venous Wintrobe hematocrit corrected for 4 per cent trapped 
plasma. 
the value during shock with the average normal 
value. The latter method, however, may be 
misleading since the range of normal values is 
so wide. Although the changes in blood volume 
demonstrated in this study by comparison with 
the average normal were marked in some cases, 
the changes demonstrated by serial determina- 
tions in individual patients were more impressive. 
That patients with severe infections go into 
shock has been well known for years. This 
occurs most commonly during defervescence, 
when there may be widespread cutaneous 
vasodilation. Ebert and Stead,? in their studies 
of the blood volume of patients with severe 
infections, for the most part pneumococcus 
pneumonia accompanied by shock, found the 
blood volume to be normal or only slightly 
reduced. Aub, Zamecnik and Nathanson,’ work- 
ing with dogs given Clostridium oedematiens 
toxin, noted that plasma volume did not decline 
until late in the course of the experiment. Both 
groups of workers deduced that the primary cause 
of shock in these instances was vasodilatation. 
The majority of the patients with mild degrees 
of hemorrhagic fever defervesce without clini- 
cally significant change in blood pressure or 
hematocrit and proceed directly into the phase of 
renal insufficiency. As was expected, the plasma 
volume and dye disappearance in such patients 
were usually within the normal range. Some of 
the patients in whom shock developed, however, 
had a decreased plasma volume and increased 
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T-1824 disappearance rate. The plasma volume 
during shock was usually lower and the dye 
disappearance rate higher than in other groups 
and phases. When the figures for plasma volume 
of the shock patients are examined individually, 
however, the decrease is noted to be most obvious 
in those patients who had severe shock, and only 
slightly decreased in the milder cases. The ex- 
tremely high hematocrits observed during severe 
shock in hemorrhagic fever and the massive 
retroperitoneal edema observed postmortem in 
patients dying from shock is therefore in all 
probability due to plasma leakage. * 

Total blood volume was reduced in six pa- 
tients during shock (four by the T-1824 technic 
and two by the P-32 technic). In these patients 
the total blood volume ranged between 12 and 
41 per cent below normal. Emerson and Ebert!® 
found that in traumatic shock with hemorrhage, 
blood volumes reduced by more than 25 per cent 
of the predicted normal were almost uniformly 
accompanied by systolic arterial pressures below 
85 mm. Hg. A reduction of total blood volume 
caused by loss of plasma, however, is probably 
not the sole cause of shock in hemorrhagic fever, 
for the T-1824 total blood volume of four pa- 
tients in clinical shock was within the normal 
range. 

Shock appears so suddenly in hemorrhagic 
fever that there was little opportunity to study 
the rapidity with which capillary leakage oc- 
curred and with which plasma volume decreased. 
Patient V. R. (Table 1), however, had identical 
disappearance rates and plasma volumes on the 
day before and on the day of shock, an indication 
that active capillary leakage occurred at least 
twenty-four hours before clinical shock. The 
lack of any significant change in whole blood 
volume during this period indicated that a 
mechanism other than change in blood volume 
was involved in the immediate cause of shock. 

Little change in the red cell volume was noted 
during the shock phase in the majority of pa- 
tients. However, during severe shock a marked 
reduction in the T-1824 red cell volume of two 
patients was noted which persisted into con- 
valescence. All of the P-32 red cell volumes dur- 
ing this phase were slightly reduced as well. 
The decrease in circulating red cell mass was 
far beyond that which could be accounted for by 


* Patient P. C. died in shock twelve hours after T-1824 
had been given intravenously. At necropsy the retro- 
peritoneal edema fluid was blue-tinged, which further 
supports the theory of plasma leakage. 


hemorrhage; and as there was no clinical or 
laboratory evidence of jaundice, it is not likely 
that hemolysis contributed to the acute reduc- 
tion. A more plausible explanation is the trap- 
ping of red cells in the dilated capillaries, a 
phenomenon seen in histologic preparations of a 
number of organs. 

Despite a definite return of plasma volume 
toward normal at the end of the hypotensive 
phase (Fig. 1), the red cell volume exhibited a 
tendency toward further decrease (Fig. 2) which 
often persisted into convalescence. 

Noble and Gregersen,”® in studying patients 
with shock due to hemorrhage, skeletal trauma 
and burns, found that the T-1824 disappearance 
rate was significantly increased only in the burn 
patients. The dye disappearance rate in some 
patients with hemorrhagic fever was increased 
to the same order of magnitude as that observed 
in severe burns. This increase generally occurred 
during the late febrile and shock phases when 
the capillary leakage appeared to be at a maxi- 
mum. In addition, T-1824 administered at this 
time accumulated in retroperitoneal edema 
and also was excreted in the urine in amounts 
sufficient to color it a blue-green. 

Although the simultaneous P-32 and T-1824 
blood volume determinations were few in num- 
ber, the ratio of the body hematocrit to the 
venous hematocrit was the same in six of the 
seven studies despite differences in the phase of 
the disease and wide differences in venous 
hematocrits. The single discrepancy could repre- 
sent a technical error, the effect of marked fluid 
shifts during the diuretic phase of the disease 
or the continued trapping of large numbers of 
erythrocytes in dilated capillaries. Further 
observations are needed to clarify this matter. 
The mean of the ratio of body hematocrit to 
venous hematocrit in the six determinations 
(excepting E. G.) is 0.84 + .04, which does not 
differ markedly from those reported by other 
authors. !%?1,22 


CONCLUSIONS 


1. Plasma T-1824 disappearance rates and 
blood volumes by the T-1824 and P-32 technics 
were determined serially in a number of patients 
with hemorrhagic fever. 

2. Patients in severe shock exhibited increased 
T-1824 disappearance rates and decreased 
plasma volumes and total blood volumes. 

3. The disappearance rates in patients with 
mild or no shock were usually only slightly in- 
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creased, while their plasma volumes were in the 
low normal range and the total blood volumes 
were normal. 

4. These observations suggest that a mecha- 
nism other than decrease in total blood volume 
is the primary cause of shock in hemorrhagic 
fever. A significant decrease of blood volume also 
occurs, however, and must contribute signifi- 
cantly to the severity of the shock. 

5. Plasma volume rapidly returned to normal 
at the end of the hypotensive phase. 

6. Although most patients showed low normal 
to normal red cell volumes during the febrile and 
shock phase of the disease, two showed a 
significant decrease during severe shock and 
many others had decreases in later phases. The 
cause of this may be trapping of red cells in the 
dilated capillary bed. This persisted into 
convalescence in patients who had been severely 
ill. 

7. T-1824 and P-32 technics for measuring 
blood volumes yielded similar results in all 
phases of hemorrhagic fever. 
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Relation between Hematocrit and Total 
Serum Proteins in Epidemic Hemorrhagic 
Fever 


Davin P. EARLE, M.D., LiEuT. ROBERT H. Yor, M.c.{ and Lieut. Davip W. CUGELL, M.c.t 


HE hematocrit, one of the most useful 
guides to the clinical evaluation and 
management of patients with hemor- 


rhagic fever, frequently begins to increase dur- 
ing the late febrile phase of hemorrhagic fever 


system and its subsequent return. If this be the 
case, the changing hematocrit should not be 
accompanied by parallel changes in the total 
serum protein. 

The hematocrit was routinely measured by the 
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Fic. 1. Relation between hematocrit and total serum protein during the early 
phases of hemorrhagic fever in twelve patients. “Early Recovery”’ refers to first 
reasonably stable hematocrit after decrease from maximum value observed dur- 


ing hypotensive phase. 


and reaches a maximum during the hypotensive 
phase. It then rather abruptly decreases as the 
patient goes from the hypotensive phase into 
the oliguric period. The degree of increase in 
hematocrit is roughly correlated with the 
severity of hypotension or shock but may occur 
even when there is no hypotension.! Further, 
protein-rich retroperitoneal edema is found at 
autopsy in patients who died at or near the 
time of the maximum hematocrit.” Finally, the 
increase in hematocrit occurs at a time when 
plasma volume is reduced.* For these reasons the 
hematocrit in hemorrhagic fever is considered to 
reflect chiefly the loss of plasma from the vascular 


specific gravity technic§® during the fall 1952 
outbreak of hemorrhagic fever. Total serum 
protein values obtained during these measure- 
ments were recorded on the charts of twelve pa- 
tients during the febrile, hypotensive and early 
“recovery” phases. These data, shown in Figure 
1, indicate a considerably greater increase of 


§ Concerning the accuracy of the hematocrit deter- 
minations in hemorrhagic fever, good agreement between 
the specific gravity and Wintrobe methods was noted‘ 
when the hematocrit was less than 55, but above this 
value the Wintrobe technic yielded higher results. 
During the course of another study’ good agreement 
between arterial and venous hematocrits was observed in 
all phases of hemorrhagic fever. 


* From the 48th Surgical Hospital (Mobile Army), APO 301. Requests for reprints should be addressed to Dr. David P. 
Earle, New York University College of Medicine, N. Y. 16, N. Y. 
t Present address: Medical College of Alabama, Birmingham, Ala. 
} Present address: Thorndike Memorial Laboratory, Boston City Hospital, Boston, Mass. 
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hematocrit than of the total serum proteins at 
the height of the hypotensive phase. This 
represents loss of plasma in excess of erythrocytes 
from effective circulation. The early “‘recovery”’ 
values were selected on the basis of the initial 
reasonably stable hematocrit after its decrease 
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falsely high total protein values in the presence of 
significant retention of non-protein nitrogenous 
materials. This may account for some of the 
apparent increase in serum proteins during the 
oliguric and early diuretic phase, but it will be 
noted in Figure 2 that the proteins remained 


Fic. 2. Serial changes in hematocrit, total serum proteins and blood urea nitro- 
gen throughout all phases of hemorrhagic fever. 


from the maximum during the hypotensive 
phase. These figures, when compared to the 
hypotensive phase values, reflect the return of 
sequestered plasma to effective circulation. A 
modest increase in total serum protein value in 
several patients during the hypotensive and 
early “‘recovery”’ periods probably reflects some 
degree of dehydration, which is not uncommon 
toward the end of the hypotensive phase. 

The average values for hematocrit, total 
serum proteins and blood urea nitrogen for all 
patients who had simultaneous measurements 
of these items recorded throughout three or more 
phases are shown in Figure 2. Note the consider- 
able increase in total proteins during the diuretic 
phase which persists into convalescence. This 
may in part be due to dehydration which is not 
reflected by a similar increase in hematocrit since 
many patients have some degree of anemia. 
However, an electrophoretic study of the serum 
proteins in hemorrhagic fever’ has shown that 
the serum albumin falls below normal from the 
hypotensive phase into convalescence, and that 
some of the globulin fractions are increased. 
Moreover, the specific gravity methods yield 
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at high levels during early convalescence despite 
a marked decrease in blood urea nitrogen. 
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Plethysmographic Studies in Epidemic 
Hemorrhagic Fever’ 


Preliminary Observations 


Lieut. W. McCvureg, sM.c.f 


MONG the physiologic investigations of 
A epidemic hemorrhagic fever conducted 
during the fall of 1952, a plethysmo- 
graphic study was instituted to establish the 
nature of the vascular injury. This report sum- 
marizes the results of twenty separate records 
obtained from seven hemorrhagic fever patients 
in varying stages of the illness. 


METHODS 


The plethysmographf employed was the port- 
able pneumatic model of Burch and Winsor.” 
An air-conditioned, constant temperature en- 
vironment was not available and all observa- 
tions were made either at the patient’s bedside 
or in a corner of an open ward reserved for the 
purpose. The usual range in temperature was 
22 to 25°%e. 

Observations were made with the patient 
lying as comfortably as possible in bed, covered 
according to his wishes, usually with a sheet 
and one blanket. In all instances the fingers were 
normally warm to touch. Some patients were 
seriously ill, restless and febrile, and comfort 
could not be achieved. Psychic stimuli were 
avoided where possible, though the clangor 
from a busy hospital routine was unavoidable. 
When the effect of drugs on the tracings was 
studied, solutions were administered intrave- 
nously through a previously placed needle and 
three-way stopcock, to minimize the effect of 
pain. 

All measurements were made upon the left 
index fingertip, using standard technics.?~4 
Digital blood flows were determined by the 


+t Manufactured by the Cambridge Instrument Com- 
pany, Inc., New York, N. Y. 


venous occlusion method.‘ Before each experi- 
ment the sensitivity of the recording instrument 
was Calibrated according to the volume of 
fingertip enclosed in the chamber, so that re- 
corded volume changes were expressed in cubic 
millimeters per 5 ml. of tissue. Recordings were 
analyzed and are described in terms used by 
Burch, Cohn and Neumann.? 

In eleven instances “‘reactive hyperemia” was 
studied. Arterial occlusion was accomplished by 
means of an upper arm cuff inflated approxi- 


mately 20 mm. Hg above a systolic pressure for 


ten minutes. Following release of the arterial 
occlusion, blood flows were determined at 
intervals until a peak and subsequent decline in 
flow were noted. 

As the vascular lesions of hemorrhagic fever 
are thought to be associated at certain times 
with an abnormal loss of plasma from the blood 
vessels into the tissues, *:* a method was employed 
to study the change in finger volume following 
venous occlusion of standard duration. A con- 
trol observation was made for five to ten minutes. 
During this time the baseline was so adjusted 
that the string shadow returned approximately 
to the center of the paper after the excursions of 
the larger amplitude waves had subsided. The 
baseline was then left in this position for at least 
three minutes before venous occlusion was 
started. A standard pressure of 60 mm. Hg of 
five minutes’ duration was employed, using the 
finger cuff. In all cases finger volume increased 
during occlusion and fell after release. The 
string was allowed to stabilize after release of the 
occlusion. The baseline was then adjusted as 
necessary to return the string to its original 
position, and the record continued for five 


* From the 48th Surgical Hospital (Mobile Army), APO 301, and the 406th Medical General Laboratory, APO 
500. Requests for reprints should be addressed to Dr. David P. Earle, New York University College of Medicine, New 


York 16, N. Y. 
{ Present address: 406 Medical General Laboratory, APO 500, San Francisco, Cal. 
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minutes. The resultant change in baseline was 
calculated in terms of cubic millimeters of per- 
sistent change in volume per 5 ml. of tissue. In all 
cases environmental temperature was checked 
with a laboratory thermometer placed within a 
few inches of the finger cup. If during the period 
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In six patients the effect of L-arterenol was 
studied. The drug was administered by con- 
tinuous intravenous drip and regulated by means 
of a modified tunnel clamp to a rate sufficient 
to maintain the systolic pressure between 110 and 
130 mm. Hg. 


TABLE I 
SUMMARY OF TWENTY PLETHYSMOGRAPHIC OBSERVATIONS IN SEVEN PATIENTS WITH EPIDEMIC 
HEMORRHAGIC FEVER 


Respir- Resting Flow after 10 Volume 
Pulse Wave | atory Al Wav Beta W Blood Flow Arterial Occlusion | Change After 
Day | Oral Blood (cu. mm.) Wave pha - — (cu. mm./5 ml./ (cu. mm./5 ml./ 5 Venous 
Pa- of | Tem- | pie. (Pres- second ) second ) Occlusion 
tient Dis- pera- sure * ent 
ease | ture + 
Max- | Min- | Absent | Cu. | Cycles/ | Cu. | Cycles/ | Max- | Min- | Aver- | Max- | Min- | Aver- | Cu. Per 
imum |imum| 9) /mm.} Minute |mm.| Minute |imum|imum| age |imum|imum/} age | mm. | centt 
W.R 7 98.0 {108/70} 9.0 | 1.0 0 7 2.0 |29.0; 1.5 32.5 0.7 
38 98.8 128/68} 5.5 1.0 0 11 4.0 (40+; 1.0 52.0 | 46.0 | 48.7 .... | .... | |-25.0 | -—0.5 
J. D. 7 98 .0 |128/74| 3.0 0.5 0 13 4.0 0.0; 0.0 6.5 3.5 5.0 4.8 3.3 3.6 | 100.0 2.0 
16 98.4 132/74 7.0} 1.5 0 10 2.4 {20.0} 0.6 22.5 | 13.0 | 19.1 | 26.0 | 20.0 | 22.7 |—45.0 | —0.9 
R.M 6 99.B 106/64 7.0; 1.5 + 19 3.0 |33.5| 0.7 22.5 | 11.0 | 15.9 | 58.0 | 22.0 | 36.3 | 105.0 2.1 
11 97.8 |118/74| 11.5 | 1.0 + 13 6.0 |41.0; 2.0 34.0 | 12.5 | 24.3 | 23.0 | 11.0 | 17.0 0.0 0.0 
S. M. 3 99.4] 88/48; 3.0 | 1.0 0 8 2.0 {39.0; 1.0 6.5} 5.0} 2.0| 5.3 0.0 0.0 
4~ | 99.4 {118/92} 2.0 1.0 + 0 0.0 0.0; 0.0 17.0 5.0 | 10.3 9.0 3.0 6.6 0.0 0.0 
30 ? ? 1.0 0.5 0 0 0.0 0.0; 0.0 27.0 0.5 
P.O 3 |104.4/110/86;) 2.5 1.0 0 12 5.0 |50.0| 1.0 57.0 | 35.0 | 47.0 | 27.0 9.0 | 16.0 | 232.0 4.6 
oY Geen Srey 3.0} 1.5 0 20 2.8 |30.0; 1.0 44.0 | 16.0 | 31.2 | 38.0 | 20.0 | 30.7 | 115.0 2.3 
| 98.0 2.0 0.2 0 16 4.0 |24.0; 0.35 | 30.0 | 16.0 | 21.8 | 16.0 | 6.5 | 10.7 | 55.6 1.1 
L. A. 2 |102.4 |122/76} 7.0} 2.0 0 25 3.5 |45.0} 1.0 6.0; 4.0; 4.0] 6.9 0.0 0.0 
6§ | 98.2 |112/70| 12.0 | 10.0 0 12 3.0 (40+; 0.8 34.0 | 17.0 | 18.9 | 35.0 | 10.0 | 21.0 87.5 1.8 
R. K. 2 |104.4] 98/40} 5.0} 4.0 + 13 4.0 0.0; 0.0 0.0 0.0 
4.0; 2.0 0 5 4.0 0.0; 0.0 0.0 0.0 
| 102.4 |110/76; 11.0 | 5.0 + 13 2.0 |45.0; 1.0 20.0 0.4 
Bes ee, 8.5 3.0 + 29 5.0 {52.0} 2.0 48.0 | 36.0 | 42.9 68.75; 1.4 
26 99.0 |125/84; 4.0 | 3.0 0 8 4.0 |30.0} 0.2 16.0 | 16.0 | 16.0 —24.0 | —0.5 
* Brachial artery pressure as measured with a sphygmomanomet 
t Change in volume expressed as per cent of 5 ml. fingertip volume. 
¢ During the administration of L-arterenol. 
§ Keceived L-arterenol for three days prior to study; now off medication. 
of observation the air temperature varied more RESULTS 


than 0.5°c., the quantitative measurements of 
volume changes were considered erroneous and 
were discarded. 

Although spontaneous changes in volume oc- 
curred constantly and might be of considerable 
magnitude (particularly the beta wave), the 
technic employed made it possible to distin- 
guish without difficulty spontaneous variations 
from those produced by the venous occlusion. 
It was assumed that this persistent change in 
volume following the release of venous occlusion 
was related to fluid shifts between the blood 
vessels and tissues of the finger, and would 
therefore reflect to some extent the integrity of 
capillary walls. The true significance of obser- 
vations made with this technic in hemorrhagic 
fever is not certain, however, and must be 
determined by further study. 
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The observations are summarized in Table 1. 
All waves described as occurring in the normal 
plethysmogram were seen. No consistent ab- 
normal pattern was evident for the pulse, 
respiratory, alpha, beta or gamma waves. 

Pulse wave volume showed no correlation with 
fever, day of illness or brachial arterial pressure. 
Within each individual record there were often 
great changes in the magnitude of pulse tracings. 
No attempt was made to study the contour of the 
waves. 

Resting blood flow was highly variable among 
individuals as well as in the group as a whole. 
There was no consistent correlation between 
blood flow and oral temperature or day of ill- 
ness.* Average resting flow was highest (48.7 


* See Addendum for results of subsequent observations. 
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cu. mm/5 ml./second) in patient W. R. on the 
thirty-eighth day of illness with normal oral 
temperature. Lower flows were frequently seen 
in patients with fever. 

Response of blood flow toa ten-minute arterial 
occlusion (reactive hyperemia) was studied in 
eleven instances. On seven occasions no ap- 
preciable increase in blood flow occurred,* as 
compared with the maximum flow. obtained 
during the control period. This failure of re- 
sponse could not be traced to the technic 
employed. 

Persistent volume change of the finger after a 
standard venous occlusion was tested on nine- 
teen occasions. Changes ranged from a decrease 
in volume of 0.9 per cent to an increase of 4.6 
per cent. Increases in volume greater than 1 per 
cent (50 cu. mm.) were considered significant. 
Significant volume increases occurred on seven 
occasions in five patients between the third and 
seventh days of illness, the period during which 
there is the greatest clinical evidence of vascular 
damage and instability.*.® Four records taken on 
three patients during this stage of the illness 
showed no significant change in volume. Of 
these, two records were made during the contin- 
uous intravenous administration of L-arterenol. 

No consistent effect of L-arterenol on the 
plethysmogram could be seen.* Occasionally 
a damping effect was noted in a previously 
labile tracing immediately after administration 
of the drug was started. In general, after several 
hours of continuous infusion of the drug the 
tracings could not be distinguished from those of 
patients who received no drug. No depression of 
blood flow was noted after prolonged infusion. 
From the data on hand no statement can be 
made regarding the effect of L-arterenol on the 
persistent volume change following the release 
of standard venous occlusion. Preliminary 
evidence suggests that the drug may have some 
inhibitory effect on such volume changes. 


COMMENTS 


The plethysmographic method is subject to 
many variables which may influence the final 
recordings. In this study as much care as possi- 
ble was taken to avoid breaches in technic but 
the experimental conditions were not ideal. 
Even under the most favorable circumstances 
the range of variation of normal tracings is so 
great that interpretation in the presence of 
borderline or moderate vascular disease may be 

* See Addendum for results of subsequent observations. 
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difficult or impossible. The number of observa- 
tions in this report, moreover, is insufficient 
for valid statistical analysis and definite conclu- 
sions cannot be drawn from this study. 

Of the observations reported here, perhaps the 
most important are negative in nature. No 
clear-cut difference is evident between the 
plethysmographic waves seen in this disease and 
those of normal individuals. In some instances 
there seemed to be a general increase in lability 
of the tracings but this was not a constant 
finding and could not be correlated with other 
phenomena. 

No explanation can be found for the absence 
of reactive hyperemia following release of a 
ten-minute arterial occlusion, as was observed on 
seven occasions among eleven experiments. Six 
of the negative results were obtained in patients 
between the third and seventh days of illness, 
when clinical evidence of vascular disturbance is 
most noticeable. This failure of response may be 
the result of maximal dilatation during the 
control period or inability of the vessels to 
respond to anoxia with an increasé in blood flow. 
Three patients of this group had fever at the 
time of observation. 


SUMMARY AND CONCLUSIONS 


1. Twenty separate plethysmographic obser- 
vations on seven patients in varying stages of 
hemorrhagic fever are presented. All studies 
were made upon the fingertip. Standard technics 
were employed, with the exception that en- 
vironmental conditions could not be ideally 
controlled. 

2. Spontaneous variations in finger volume 
were characterized by the appearance of all 
waves commonly described as present in the 
normal individual. No distinct difference be- 
tween the pattern in hemorrhagic fever and that 
of normal tracings was seen. 

3. Blood flow determined by the venous 
occlusion method was highly variable and 
showed no consistent relationship to the stage of 
illness or the oral temperature. 

4. Reactive hyperemia following a _ten- 
minute arterial occlusion was tested on eleven 
occasions. In seven instances no increase in 
flow over maximum control values was seen. No 
explanation for this failure of reactive hyperemia 
has been found. 

5. Significant volume increases after venous 
occlusion were noted on seven occasions in pa- 
tients during the third to seventh days of illness, 
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the period when the greatest clinical evidence 
of vascular abnormality is seen. These persistent 
volume increases appear to be related to the 
period of the disease when loss of plasma through 
damaged capillaries occurs. 


Acknowledgments: Sponsored by the Commis- 
sion on Hemorrhagic Fever of the Armed Forces 
Epidemiological Board, and supported by the 
Office of the Surgeon General, Department of 
the Army. The author is indebted to Dr. David 
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without which this study could not have been 
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Addendum: More extensive plethysmographic 
observations, as yet unpublished, were made by 
Dr. Richard Lyons during the fall 1953 outbreak 
of hemorrhagic fever. These studies demon- 
strated a marked increase in peripheral blood 
flow during the “hyperdynamic” or “hyper- 
volemic” phase; a _ reactive hyperemia in 
response to arterial occlusion in the majority of 
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patients studied; and usually reduced periph- 
eral blood flow after rapid administration of 
L-arterenol. 
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Cardiac Output in Epidemic Hemorrhagic 
Fever’ | 


LizuT. Davin W. CUGELL, M.c.+ 


SURVEY of changes in cardiac output dur- 
A ing the various phases of hemorrhagic 
fever was initiated during the fall of 
1952. Fifteen observations were made but the 
epidemic terminated before an adequate number 
of studies could be obtained in each phase of the 
disease. Nevertheless, the data available suggest 
a different pattern in each of several phases of 
the disease and are presented here as a prelimi- 
nary report. | 
METHODS 
The cardiac output was measured by the 
Hamilton technic.!' The dye was injected as 
rapidly as possible into an antecubital vein. 
Blood samples were obtained every two to three 
seconds through a Cournand needle placed in a 
femoral artery. Several observations on patients 
in shock were discarded because the dye time- 
concentration curve did not exhibit a sharp 
peaked configuration. Duplicate determinations 
were made at half hour intervals in four patients 
and differed by less than 0.4 L. per minute in 
three. In the fourth patient the two measure- 
ments differed by 0.9 L. per minute. Venous 
pressure was measured with a saline manometer 
connected to a needle placed in an antecubital 
vein. The xiphoid served as the zero reference 
point. Mean femoral arterial pressure was 
measured on a damped, aneroid manometer 
attached directly to the arterial needle. Periph- 
eral resistance, expressed in arbitrary units, 
was calculated by dividing the difference be- 
tween mean arterial and venous pressure by 
cardiac output. 
RESULTS 


The results are summarized in Table 1. As 
might be expected, the cardiac index was in- 
creased while peripheral resistance was reduced 
during the febrile phase. 


During the hypotensive phase, within twenty- 
four hours of the maximum hematocrit, the 
cardiac index was near or below the lower limits 
of normal despite the fact that two of the four 
patients were still febrile. None of the subjects 
were in clinical shock at the time of study, 
although patient 8 had received 1 unit of serum 
albumin fifteen minutes earlier because of 
hypotension and shock. Peripheral resistance 
was not increased in the hypotensive phase. 

Three patients were studied in the early 
oliguric phase. Their hematocrits had been de- 
creasing for twenty-four hours at the time of 
study, a reflection of the return of sequestered 
plasma to effective circulation.” In these subjects 
the cardiac index was in the normal range while 
peripheral resistance was still at or slightly below 
the normal limits. 

Four observations were made in patients who 
had clinical evidence of the hAypervolemic syn- 
drome.” Hypertension was present in three, and 
all had distended veins. Despite this the venous 
pressure was normal, as it was in all of the 
studies listed in Table 1. The cardiac index was 
well above normal and peripheral resistance was 
decreased in two of the patients while cardiac 
index was normal; but peripheral resistance was 
increased in the other two, one of whom had 
had a 500 ml. phlebotomy twenty-four hours 
prior to study. 


COMMENT 


Although the data presented are limited in 
number, the reduced blood volume character- 
istic of the hypotensive phase of hemorrhagic 
fever appears to be associated with some decrease 
in cardiac index. Unlike other situations in which 
blood volume is decreased, peripheral resistance 
is not increased during the hypotensive phase of 


* From the 48th Surgical Hospital (Mobile Army), APO 301. Requests for reprints should be addressed to Dr. David P. 
Earle, New York University College of Medicine, N. Y. 16, N. Y. 
ft Present address: Thorndike Memorial Laboratory, Boston City Hospital, Boston, Mass. 
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TABLE I 
HEMODYNAMIC OBSERVATIONS IN HEMORRHAGIC FEVER 
Temperature, 
Pret Vv Cardi Peripheral 
eri enous iac eripher 
Patient po hon Blood Pressure Index Resistance * — 
Pressure | (mm. saline) | (L./Min./m?) (Units) (Secs.) 
Cr.) (% Red | (mm. Hg) 
: Blood Cells) 
Normal 45 90-105 100 3-4 15-20 15 
Febrile Phase—Early Hematocrit Increase 
1 2 103.8 50 86 65 5.0 i ee 10 
2 2 103 49 87 65 4.0 10.5 7 
3 2 101 52 76 70 8.0 4.5 25 
4 3 102 51 76 25 4.6 9.1 12 
Hypotensive Phase—Mid-hematocrit Increase 
5 3 101 55 88 53 24 
6 4 98 .6 56 102 54 2:9 18.5 12 
7 4 102.6 51 70 3 3.3 12.0 20 
8 Tf 5 98 .6 54 81 94 3.2 12.0 15 
Oliguric Phase—Early ‘‘Recovery’—Hematocrit Decreasing 
9 4 100 46 90 15 3.6 11.8 17 
2 6 100 51 98 24 3.8 35 12 
10 7 98 .6 50 92 36 Fie 14.6 16 
Oliguric and Diuretic Phases—‘Hypervolemic Syndrome” 
11 8 98 .6 45 87 45 4.6 12.3 13 
12f 9 98.8 36 124 40 3.0 24.0 12 
13 9 98 .6 47 110 “e 3.8 28.9 ae 
7 10 100 40. 120 60 6.8 7.0 10 
* (Mean arterial pressure-venous pressure) + cardiac output. 
¢ Given 1 unit serum albumin for shock just prior to study. 
¢ Phlebotomy twenty-four hours prior to study. 
hemorrhagic fever. This suggests that arteriolar SUMMARY 


dysfunction is also present during this phase of 
hemorrhagic fever. Limited observations during 
later phases of hemorrhagic fever suggest that 
increased cardiac output and decreased periph- 
eral resistance may be present during hyper- 
tension and the “hypervolemic” or “hyper- 
dynamic” syndrome. * 


* More extensive but as yet unpublished observations 
were made on cardiac output and peripheral resistance 


MAY, 1954 


1. The cardiac index is increased during the 
febrile phase and hypervolemic syndrome in 
hemorrhagic fever and is decreased or low nor- 
mal during the hypotensive phase. 


during the fall 1953 outbreak of hemorrhagic fever by 
Lieut. G. Entwisle. A number of patients were studied 
during clinical shock and three were studied during the 
‘“hypervolemic” syndrome. These data confirm the 
preliminary observations contained in the present report. 
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2. Peripheral resistance is generally decreased 
in all phases of hemorrhagic fever except during 
the hypotensive phase when it is normal. 

3. The venous pressure is normal in all phases 
of hemorrhagic fever, including the hypervolemic 
syndrome. 
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without which this study could not have been 
made. 
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Hemorrhagic Fever’ 


Capt. HERMAN F. FRoEs, m.c.f and Mayor Marion E. McDowéE.t, m.c.f{ 


HE Clinical diagnosis of epidemic hemor- 

rhagic fever depends on the appearance 

of proteinuria along with certain clinical 
manifestations as discussed in other papers of 
this symposium. Azotemia, oliguria, isosthenuria 
or hyposthenuria, microscopic and gross hema- 
turia, and cylindruria are common indications 
of renal involvement throughout the course of 
the disease. 

At autopsy the kidneys are swollen and show 
intense congestion in the renal medulla with 
diapedesis of red cells. The glomeruli appear 
relatively normal although proteinuric deposits 
in Bowman’s capsule reflect increased capillary 
permeability. Casts in the convoluted tubules 
and patchy degeneration of tubular epithelium 
are likewise not infrequently seen. Sometimes a 
peculiar bland necrosis of the center of the 
pyramids appears.!:? 

The mechanism by which renal damage is 
produced in hemorrhagic fever is not known. 
This study was undertaken in an attempt to 
define renal hemodynamic alterations in this 
disease. 


MATERIALS AND METHODS 


The present paper describes serial observa- 
tions of renal hemodynamics made in eight 
young servicemen with hemorrhagic fever dur- 
ing the fall 1952 outbreak. Two patients (E. H. 
and W. P.) had mild illness, five (F. R., J. T., 
S. M., P. O. and L. A.) were moderately ill and 
one (V. R.-C.) was severely ill. There were no 
deaths in this group. 

During the fall 1952 outbreak selected pa- 
tients were treated with constant intravenous 
infusions of L-arterenol*® from the febrile phase 


(first to about the fifth day of disease) through 
the “leakage” or phase (fourth to 
seventh day) of their disease. It was hoped that 
prevention of abnormal vasodilatation and 
maintenance of normal arterial pressure through 
this critical period might minimize renal dam- 
age. Two (L. A. and P. O.) of the eight patients 
were in this group. Two other patients (V. R.-C. 
and S. M.) received L-arterenol infusions in 
treatment of shock. The remaining four patients 
did not develop shock and received no L-arterenol. 

As estimates of glomerular filtration rate 
(GFR) and effective renal plasma flow (ERPF), 
inulin and para-aminohippurate clearances 
(Cyn and Cpay) were measured by standard 
technics.* The test substances were administered 
by constant intravenous infusion following a 
priming dose. A tunnel clamp made from tongue 
depressors and screw clamps permitted satis- 
factory control of the infusion rate. Working 
plasma levels of inulin were usually 18 to 25 mg. 
per cent and of PAH, 1 to 2.5 mg. per cent. 
However, in the presence of severe azotemia 
lower plasma levels of PAH (0.5 to 1.0 mg. per 
cent) were used in an effort to maintain renal 
extraction of PAH at a maximum. After each 
urine collection the bladder was washed two or 
three times with a total of 60 to 90 ml. saline, 
followed by air. 

A constant temperature bath was improvised 
permitting relatively simple analysis of inulin 
by the resorcinol method.® Inulin recoveries 
varied from 96 to 101 per cent and PAH from 98 
to 101 per cent for urine and plasma. Serum 
blanks for inulin and PAH were obtained and 
inulinoid blanks were measured in timed urine 
specimens in each experiment. 


* From the 48th Surgical Hospital (Mobile Army), APO.301, and Army Medical Service Graduate School, Walter 
Reed Army Medical Center, Washington 12, D. C. Requests for reprints should be addressed to Dr. David P. Earle, New 


York University College of Medicine, New York 16, N. Y. 


t Present address: Chest Service, First (Columbia) Division, Bellevue Hospital, New York, N. Y. 
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With the exception of one study during shock 
(V. R.-C.), the values reported are averages of 
three or four clearance periods of approximately 
twenty minutes each. No correction for weight or 
surface area has been made. No effort was made 


to induce water diuresis prior to clearance studies 
because the water loading of these patients was 
contraindicated clinically. J. T. is the only 
exception and this study was performed on his 
thirty-second day of illness. 


TABLE I 
RENAL FUNCTION IN EPIDEMIC HEMORRHAGIC FEVER 
> 
. | sg 2] 2] 2/88) Remarks 
Febrile 3 |102.8) 49 |0 | 890/1.030) 16/130 | 857 |0.152/1694)0.72| No shock or oliguria; highest 
E. H. Diuretic | 5 | 99.6} 45 |4+/2520/1.008) 19/120 | 748 |0.162)1383)1.52;) BUN 19 mg. % on 5th day 
Conval. | 11 | 97.0) 46 |O |1890/1.010) 14/115 | 641 |0.180/1194/1.44 
Febrile 4 |102.2) 51 | 805/1.024) ... |136 | 745 |0.179/1521/0.67| No shock or oliguria 
W. P. Diuretic; 6 | 98.4) 50 |3+/3120/1.008] 89 | 379 |0.237) 758/2.33 
Conval. 9} 98.6) 45 |..../1.010} ... | 569 .54 
Febrile 4 |103.0} 49 |4+| 740/1.024| 16 |136 | 647 |0.211/1268)0.65) No shock; highest BUN 56 mg. 
F. R. Oliguric}; 7 | 99.4) 47 31] 19 | 130/0.151) 245}0.62) % on 9th day 
Diuretic | 9 | 99.2) 41 |1+/2200/1.003) 56] 19 | 74/0.256) 125/1.58 
Conval. | 17 |..... 11 | 470 |0.213) 822/3.17 
Febrile 4 104.0} 48 500/1.015| 16/160 | 900 Required Trendelenburg posi- 
Oliguric; 6 | 99.4) 48 |4+/ 850/1.018) 38] 36 | 222 |0.165| 426/1.05| tion part of 6th day; highest 
Oliguric| 8 | 97.6) 34 |4+/ 330/1.012) 70; 9 | 100 |0.087| BUN 99 mg. % on 10th day 
Diuretic} 13 |..... 30 |0 |3800]1.006) 61] 58 | 297 0.198) 4242.37) Tmpan 118 mg. /min. 
Conval. | 32 |..... 39 11.016 115 | 574/0.200) 941/9.26 
Febrile 4 |104.0} 50 |1+/1450/1.024) 18/145 | 826 |0.181/1648/0.95) Shock required L-arterenol for 
Shock 5 |105.4| 56 |3+] 540/1.025) 23] 88 | 431 |0.204) 980/1.03} 3 days. 50 gm. albumin on 6th 
49 | 260 |0.187| 590/0.26) day; oliguric 5th, 6th and 7th - 
V. R.-C. 95*) 552 |0.172)1250/0.94| days; highest BUN 152 mg. % 
Diuretic | 11 | 99.0} 35 |3+/5130/1.010} 121 | 20 | 136 |0.150) on 9th day 
Diuretic | 16 | 98.6) 32 |0 |3700/1.006} 46] 59 | 299 /0.199) 443)/3.33 
Conval. | 44 |..... 42 |0 1.012 90 | 500 |0.180} 862)... 
Shock | 4 | 98.6] 59 |4+| 300|..... 72| 18 | 192 10.092] 469|0.60| Treated with albumin for shock 
22 *| 182 |0.122| 444/0.65| at forward hosp.; L-arterenol 
S. M. Diuretic | 11 | 98.6) 43 |2+/4370|1.008} 84] 46 | 231 |0.199} 403/2.61] 4th to 6th days; highest BUN 
Conval. | 29 |.....].... ee Seas 110 | 578 |0.190)}.. 123 mg. % 9th day 
Febrile 3 103.0} 50 | 750)1.033} | 832 No shock but given L-arterenol 
169 *| 659 |0.257/1318/0.48| 3rd to 6th day; highest BUN 
L. A. Oliguric| 5 |101.8) 53 560)1.035} 21] 19*| 121 /0.158} 256/0.62| 92 mg. % on 8th day 
Diuretic | 10 | 99.4; 43 |4+/4440)1.006} 89] 41 | 240/0.172) 421/4.01 
Conval. | 29 | 98.0) 42 |O |....|1.018 .1120 | 667 |0.180)1150 
Febrile 5 |103.8) 55 |4+)| 950/1.022) 17 |140*! 421 |0.338) 948/0.74| No shock but given L-arter:nol 
Oligurict| 7 | 99.2) 54 |4+/1680)1.030) 60] 147 0.185) 316|1.30) 4th to 7th day; highest BUN 
P. O. Diuretic | 12 | 99.2) 40 |4+/4180)1.010) 132 | 34 | 185 |0.186| 308/3.47| 133 mg. % on 11th day 
Conval. | 36 | 98.6) 37 |..../1.014/....|105 | 583 |0.180} 927].... 


* Indicates that patient was receiving L-arterenol infusion. 

¢ This patient never became oliguric but the study on the seventh day of illness is designated oliguric, since the 
patient’s status at this time was that of early renal failure (note the specific gravity of 1.030). Subsequently, the urine 
flow increased considerably. 


AMERICAN JOURNAL OF MEDICINE 


= 
‘ 


Renal Function in Hemorrhagic Fever—Froeb, McDowell 


RESULTS 


Table 1 summarizes the renal and pertinent 
clinical and laboratory data. Figure 1 shows 
graphically the serial inulin and PAH clearances 
in four patients who did not require pressor 
drugs; Figure 2 shows two patients who received 
L-arterenol infusions for hypotension; and in 
Figure 3 there are two patients who were treated 
early in the course of their disease with L-arterenol 
infusion. 

Febrile Phase. Six of seven patients studied 
during the febrile period had normal or slightly 
increased GFR and ERPF and normal filtration 
fractions. In these six patients Cyy varied be- 
tween 130 and 160 ml./minute and ERPF 
between 647 and 900 ml./minute. The filtration 
fractions ranged between 0.15 and 0.21. The 
exception, P. O. (Fig. 4), was receiving L-arte- 
renol and exhibited a reduced ERPF, a normal 
GFR and an increased filtration fraction (a nor- 
mal response to L-arterenol).’ 

It is of interest that four of the seven patients 
studied during the febrile period had proteinuria 
despite a normal GFR at this time. Daily urine 
volumes varied between 500 to 1,000 cc., and 
urine specific gravities between 1.015 and 1.033 
during the febrile phase. Arterial blood pressures 
were within the normal range. 

Hypotensive Phase. Beginning at about the 
time of defervescence the hematocrit increases, 
reflecting loss of plasma. Hypotension and shock 
may occur in some patients at this time. Shortly 
after deferverscence moderate to marked de- 
creases in GFR and ERPF occurred in seven 
patients. One (E. H.) had only minimal changes. 

Clinical shock occurred in only two patients 
(V. R.-C. and S. M.), both of whom developed 
marked reductions in GFR and ERPF. How- 
ever, equally severe reductions in clearances 
occurred in patients F. R. and J. T. (Fig. 1) who 
had no shock or hypotension, and in P. O. 
and L. A. (Fig. 3) whose arterial blood pressures 
were maintained at levels of approximately 
120/80 with L-arterenol infusions throughout the 
defervescent period. 

Oliguric Phase. ‘The urine output, which may 
be low toward the end of the febrile phase, often 
decreases to oliguric levels during the hypo- 
tensive phase. However, some patients go into 
_ the oliguric phase without exhibiting hypoten- 

sion or shock while others, less severely ill, 
may have no oliguria. The daily urine output fell 
to 30 ml. in V. R.-C. on the seventh day of ill- 
ness and to 200 to 300 ml. for one or more days 
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between the fifth and eighth days of illness in 
three others (F. R., J. T. and L. A.). GFR and 
ERPF were usually at their minimum values 
during the oliguric phase. 

It is of interest to note that urinary specific 
gravity was maintained at levels of 1.018 or 


DAY OF DISEASE 


Fic. 1. Renal clearance values in four epidemic hemor- 
rhagic fever patients not exhibiting shock. E. H. and 
W. P. had mild illness without oliguria. F. R. and J. T. 
had moderately severe illness with oliguria, the dura- 
tion of which is shown by the rectangular boxes. The 
shaded areas depict arbitrary ranges of normal values. 


greater at a time when daily urine volumes and 
clearances were decreasing rapidly in several 
patients (J. T., V. R.-C., L. A. and P. O.). 
Blood urea nitrogen levels usually increased 
rapidly during this phase. 

Diuretic Phase. Diuresis developed in the 
five oliguric patients (F. R., J. T., V. R.-C., 
L. A. and P. O.) between the ninth and eleventh 
days of illness. In three others (E. H., W. B. and 
S. M.) who had no oliguria, diuresis began 
immediately after defervescence. GFR and 
ERPF usually began to increase quite early in 
the diuretic phase. (Figs. 1, 2 and 3.) In patient 
F. R. (Fig. 1) diuresis occurred with no im- 
provement in a markedly reduced GFR. 

Hyposthenuria was the rule during the 
diuretic phase. Blood urea nitrogen decreased 
shortly after the onset of diuresis in most 
patients. 

Convalescence. ‘The return of renal function to 
normal was rapid during convalescence. In 
seven of our eight patients recovery was com- 
plete. ERBF, however, was depressed in several, 
presumably because of a normchomic anemia. 
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OAY OF DISEASE 
Fic. 2. Renal clearances in two patients in shock treated with L-arterenol during 
shock phase. Patient V. R.-C. received L-arterenol infusion from the fifth to 
seventh day of disease, S. M. from the fourth to sixth day of disease. The four 
points for V. R.-C. on the fifth day (two circles and two triangles) and the first two 
points from S. M. depict the acute changes effected by L-arterenol. Clearance 
measurements during L-arterenol infusion are shown by black triangles. 
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Fic. 3. Renal clearances in two patients given L-arterenol infusions early in 
epidemic hemorrhagic fever. The first two points for patient L. A. depict the 
acute changes effected by L-arterenol. Values obtained while L-arterenol was 
being given are shown by black triangles. 
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GFR and ERPF had not returned to normal by 
the forty-fourth day in patient V. R.-C. 

' Hyposthenuria was the last renal abnormality 
to disappear. This persisted in five patients 
(E. H., W. P., J. T., L. A. and P. O.) after 
clearances had returned to normal. 

Effects of w-Arterenol. The acute effects of 
L-arterenol infusion were observed in three 
patients. L-arterenol was begun during the 
febrile phase in L. A. (Fig. 3) at a time when 
renal functions were normal. This decreased 
the Cpay by 21 per cent and increased the 
filtration fraction. L-arterenol had relatively 
little effect on renal hemodynamics in S. M. 
(Fig. 2) who had developed severe renal damage 
by the time clearance studies were made on the 
fourth day. He had been in shock for some hours 
prior to study for which he was given concen- 
trated human serum albumin. However, he 
still exhibited an unstable blood pressure and a 
markedly increased hematocrit. 

The effects of L-arterenol on renal functions 
in the early stages of shock in V. R.-C. are shown 
in detail in Figure 4. Clearances and filtration 
fraction on the preceding day had been normal. 
On the fifth day of illness, while still febrile, he 
suddenly went into shock. The blood pressure 
stabilized momentarily at about 100/70 mm. Hg 
after elevation of the foot of the bed, at which 
time the clearance study was begun. The blood 
pressure decreased gradually during the first two 
clearance periods while GFR and ERPF de- 
creased to levels less than half of normal. L- 
arterenol raised the blood pressure to about 
95/70 mm. Hg and was associated with an 
increase of Cyn and Cpaq to almost normal 
values. When L-arterenol dosage was increased 
to bring the blood pressure to the range of 
130-140/90-100 mm. Hg, GFR and ERPF 
exhibited considerable variations. The filtra- 
tion fraction, which had decreased during the 
period of hypotension, returned to normal as the 
L-arterenol infusion was continued. Although the 
patient’s arterial pressure was maintained at 
normotensive levels by controlled L-arterenol 
infusion throughout the following two days, 
severe renal damage ensued. 


COMMENTS 


GFR and ERPF were normal or slightly in- 
creased during the febrile phase of hemorrhagic 
fever even though proteinuria had already 
developed in most of the patients. Despite con- 
siderable fever which might be expected to 
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decrease the filtration fraction,® this ratio re- 
mained normal. The proteinuria indicates that 
the glomeruli share in the generalized capillary 
damage that begins during the latter part of the 
febrile phase and is one of the dominant fea- 
tures of the hypotensive phase. 


T T T T T 


20 40 $60 #80 100 120 140 
MINUTES 

Fic. 4. The acute changes in blood pressure and renal 

clearances with the beginning of L-arterenol treatment 

of shock in V. R.-C. See text for description. In this 

chart each clearance period is shown. 


Soon after defervescence, GFR and ERPF* 
are usually greatly decreased. Although hypo- 
tension and shock may occur at this phase of the 
disease, marked renal function impairment can 
develop in the absence of these factors. When 
shock does occur, however, it is reasonable to 


* Measurement of renal extraction of PAH was not 
possible in this study. If extraction is reduced, as seems 
possible in these patients with severe renal damage, the 
plasma flow values recorded in this paper are falsely 
low. Nevertheless, the normal or low filtration fractions 
observed in these patients suggest that the ERPF values 
recorded are not greatly different from the true renal 


plasma flows. 
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suppose that it adds to the renal damage. Ability 
to concentrate urine appears to be preserved in 
many of the patients during the first days of 
decreased renal clearances. Because of this and 
because of the marked congestion of the renal 
medulla,':? renal failure in hemorrhagic fever is 
probably secondary to alterations in renal 
vasculature, most likely in the medulla or 
perhaps the corticomedullary junction. Direct 
action of the disease agent or some toxin on the 
renal vasculature could be postulated. 

Direct action on the tubules is less likely. 
Rather, impairment of tubular function, as 
reflected by decreased concentrating ability at 
the onset of diuresis, appears to occur several 
days after renal blood flow has decreased and is 
probably secondary to anoxia of the tubules. 
Diuresis may have its onset with no improvement 
in renal clearances and thus cannot necessarily 
be taken as a sign that there is no further danger 
of renal failure. Despite the severe renal damage 
and functional impairment, the return of renal 
clearances to normal was rapid in all but one of 
the patients studied. 

Early treatment with L-arterenol was of little 
value in preventing impairment of renal function 
in the few patients studied. This confirms other 
observations.* Conversely, it seems unlikely that 
the reduction in ERPF that L-arterenol may 
produce (patient L. A., Fig. 3) accentuates the 
renal damage. Indeed, in V. R.-C. (Fig. 4) who 
was in early shock, GFR and ERPF increased 
significantly as L-arterenol brought the blood 
pressure out of shock levels into the normotensive 
range. 


SUMMARY 


1. Serial measurements of Cyn and Cpaqg in 
eight patients with epidemic hemorrhagic 
fever have demonstrated the following general 
pattern: normal or slightly increased clearances 
in the late febrile stage, falling variably but 
rapidly over twenty-four to forty-eight hours 
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during the defervescence or “leakage’”’ phase, 
remaining low during oliguria, and returning 
to normal over several days or weeks during 
diuresis and convalescence. Decreased Cyn 
and Cpay occurred in absence of shock or 


hypotension. 

2. The ability to form urine of high specific 
gravity may persist after the initial decrease in 
Cyn and Cpaug but is subsequently lost. The 
clearances return to normal before the con- 
centrating ability. 

3. Early institution of L-arterenol therapy did 
not prevent marked reduction in renal clear- 
ances. This drug, however, did produce an 
acute but transient increase in clearances as it 
improved arterial blood pressure in a patient in 
shock. 
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Electrolyte Abnormalities in Epidemic 


Hemorrhagic Fever’ 


LizuT. RicHArRD B. Hunter, M.c., f RoBERT H. Yor, m.c. and 
Major Epwarpb C. KNOBLOCK, M.S.C.§ 


HE purpose of the present paper is to 

describe the electrolyte abnormalities 

observed during the course of hemor- 
rhagic fever, a disease associated with a high 
incidence of renal failure.':? 


MATERIALS AND METHODS 


Preliminary observations indicated that pa- 
tients with mild degrees of hemorrhagic fever 
exhibited little or no change in serum electrolytes. 
However, seven patients who appeared moder- 
ately ill during the early febrile phase of their 
disease were selected for daily study of blood and 
urine electrolytes. Although two of these pa- 
tients developed shock requiring treatment, and 
all exhibited considerable renal failure as evi- 
denced by maximum blood urea nitrogen levels 
that ranged between 123 and 281 mg. per cent 
with oliguria that varied between 20 and 500 ml. 
per day, none were considered to have experi- 
enced more than a moderately severe illness. 
None of these patients vomited but during 
oliguria they were given nothing by mouth, 
receiving only intravenous infusions of 5 per 
cent dextrose in water in quantities not in 
excess of 1 L. per day. With the onset of diuresis 
the patients were given a regular diet with 
supplements of citrus fruit juices. 

Frequent electrolyte. determinations were 
made in an additional group of nineteen pa- 
tients who were first studied at the time of 
development of serious manifestations of hemor- 
rhagic fever. All these patients were critically 
ill; eight succumbed to their disease. 

Sodium and potassium were measured by 


means of a Baird flame photometer using the 
lithium internal standard technic. Standard 
methods were used for the determination of 
serum chloride, inorganic phosphate, CO, com- 
bining power, calcium and urea nitrogen. Daily 
measurements of venous blood pH by the glass 
electrode were made in two patients. Frequent 
electrocardiograms were recorded for most 
patients. 
OBSERVATIONS 

Daily measurements of serum electrolytes in 
the seven moderately ill patients revealed few 
abnormalities until oliguria had been established 
for several days. At this time a slight to moderate 
decrease in serum sodium and a slight increase 
in potassium occurred. (Table 1.) Serum chloride 
paralleled the sodium values. Serum inorganic 
phosphate increased to between 3.2 and 6.1 
mM/L. Despite the retention of anions during 
the period of renal failure, blood CO: combin- 
ing power decreased only slightly, minimum 
values ranging between 20.6 and 24.0 mEq./L. 
Blood pH, measured daily in two patients, 
reached minimum values of 7.33 and 7.43 at 
the time of maximum blood urea nitrogen levels 
of 278 and 172 mg. per cent, respectively. © 
Serum calcium levels were depressed at the 
‘time of increased inorganic phosphate values, 
ranging between 2.8 and 4.2 mEq./L. 

With the onset of diuresis the serum sodium 
generally increased to normal or slightly above 
normal values while the potassium usually 
continued to increase for as long as one week. 
(Table 1.) At the same time serum inorganic 
phosphate decreased rapidly and calcium in- 
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potassium and chloride occurred in the nineteen 
seriously ill patients. All these patients exhibited 
nausea and vomiting at some time, and in many 
ingestion of food was reduced or omitted for 
days. In general, the changes in serum inorganic 
phosphate, calcium and blood CO,» combining 


creased toward normal. Again, the serum 
chloride paralleled the sodium changes. Peaked 
T waves were noted in the electrocardiograms 
taken in patients 1 and 2 (Table 1) during the 
oliguric phase. Curiously, the electrocardiograms 
reverted to normal in both these patients during 


TABLE I 
SERUM SODIUM, POTASSIUM, INORGANIC PHOSPHATE AND CALCIUM DURING OLIGURIA AND DIURESIS IN 
SEVEN PATIENTS WITH MODERATELY SEVERE HEMORRHAGIC FEVER* 


Sodium Potassium Oliguric Phase Diuretic Phase 

Pa- | Days of Min. Max. Max. Max. Min. M 
tient | Oliguria (Oli- (Diu- (Oli- (Diu- (Diu- p i Ca PO, Ca 

guric) retic) guric) retic) retic) ( M / (mEq./ | (mM./ | (mEq./ 

(mEq./ | (mEq./ | (mEq./ | (mEq./ | (mEq./ = ) L.) L.) L.) 

L.) L.) L.) L.) L.) ; 
1 6 141 161(3) 5.3 6.6(6) | 4.1(21) 6.1 2.8 2.5(6) 4.6 
2 7 135 140(2) 6.0 6.9(2) | 4.6(16) 6.1 3.9 2.7(11) 4.6 
3 8 134 146(7) 6.0 5.4(3) | 4.2(7) 4.8 4.2 2.3(5) 5.3 
4 7 125 148(4) 5.4 6.6(4) | 4.2(13) 3.2 4.1 2.4(5) 4.8 
5 3 133 146(4) 5.8 6.0(2) | 4.6(16) 6.2 3.6 2.3(11) 4.8 
6 7 120 146(11) 4.5 6.0(6) | 4.0(8) 4.6 4.2 2.4(6) 5.8 
7 6 132 141(4) 4.6 5.3(6) | 4.6(8) 4.9 3.2 2.4(6) 4.5 


* The numbers in parenthesis represent the day of diuresis on which the measurement was made. The inorganic 
phosphate values recorded for the diuretic phase are the first to be less than 2.8 mM/L. All calcium values were ob- 
tained at the same time as the corresponding inorganic phosphate. The values during the oliguric phase were gen- 
erally made on the last day of oliguria. The patients received nothing by mouth during oliguria but were given a regular 


diet supplemented with citrus fruit juices at the onset of diuresis. 


the diuretic phase despite further increases in 
the potassium levels to 6.6 and 6.9 mEq./L. 
Urinary excretion of sodium, potassium, cal- 
cium, chloride and inorganic phosphate was 


TABLE I 
HYPONATREMIA ASSOCIATED WITH ‘“‘SALT-LOSING’’ 
NEPHROPATHY IN THE DIURETIC PHASE OF 
HEMORRHAGIC FEVER 


Urine Sodi 
Day of Urine Sodium Serum 


Volume Intake Sodium 


(ml./day) | (mEq. /day) |(mEq./L.) mEq./L. | mEq. /day 


Diuresis 


3 1,210 0 128 103 125 
4 620 0 125 94 60 
5 1,620 0 111 93 150 
6 2,460 300 112 97 236 
7 3,180 300 129 132 421 
8 3,570 0 116 115 419 


greatly reduced during the hypotensive and 
oliguric phases but generally increased rapidly 
during diuresis when the patients were returned 
to the regular diet. 

More marked alterations in serum sodium, 


power were not much different from those that 
occurred in the seven less seriously ill patients. 
Of the twenty-six patients in the two groups 
nine had serum sodium values of 130 mEq./L. 
or less during the early diuretic phase. In two 
this could be attributed in large part to marked 
excretion with little or no intake of sodium 
chloride; both these patients improved rapidly 
when given extra salt. The data for one of these 
patients are presented in Table 1 and demon- 
strate the beneficial effects of adequate salt 
intake in this circumstance. However, loss of 
sodium in the urine could not account for the 
hyponatremia in the other seven patients. The 
minimum serum sodium levels in these patients 
during diuresis are given in Table m. The 
urinary values shown are for the corresponding 
day and are representative of those observed 
throughout the preceding days of diuresis. Note 
that all these patients at the time of hypo- 
natremia were on a regular diet with normal 
salt complement. The hyponatremia antedated 
the diuretic phase in three patients. No effort 
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was made to correct the hyponatremia and all 
recovered uneventfully. | 
Serum sodium values in excess of 150 mEq./L. 
developed during the diuretic phase in six of the 
twenty-six patients. (Table 1v.) The hyper- 
natremia persisted for three to seven days. Three 


TABLE Ill 
HYPONATREMIA DURING THE DIURETIC PHASE OF 
HEMORRHAGIC FEVER PRECEDED BY AND ASSOCIATED 
WITH DECREASED SODIUM EXCRETION * 


Serum Urine Urine Sodium 
P Sodium | Day of | Volume 
Patient 
(mEq./ | Diuresis | (ml./ = 
Eq./ | mEq, / 
L.) day) 
3 130 2 1,900 14 27 
6 127 4 2,040 3 6 
10 120 3 2,900 12 35 
11 123 7 4,000 5 20 
12 129 2 3,000 7 21 
13 125 2 4,920 4 20 
14 123 3 2,030 13 26 
15 124 3 6,330 3 19 


* All patients were given a regular diet during the 
diuretic phase. 
of these patients died, all of causes other than 
hypernatremia. The hypernatremia followed 
saline infusion in patients 17 and 19 but pa- 
tient 18 had received no salt for six days before 
his maximum sodium value and the remaining 
three were on the regular diet which probably 
contributed 100 to 120 mEq. sodium per day. 
Unfortunately, urinary sodium was measured 
in only two of the hypernatremic patients. The 
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urinary sodium concentration averaged 22 and 
9 mEq./L. and the daily sodium excretion 121 
and 36 mEq. in patients 1 and 19, respectively, 
during the period of hypernatremia. 

Of the twenty-six patients with moderately 
severe or severe hemorrhagic fever studied, 
seventeen had potassium levels in excess of 5 
mEq./L. during the oliguric or early diuretic 
phases. Selected data from these patients are 
shown in Table v which demonstrates a rough 
correlation between the severity of other mani- 
festations of hemorrhagic fever and the degree 
of hyperkalemia. The consequences of hyper- 
kalemia were considered by the attending 
physicians to be severe enough to require therapy 
in eight of the seventeen patients, three of whom 
died; hyperkalemia, however, was not con- 
sidered to be the cause of death in these three 
patients. 

Of the approximately 900 cases of hemor- 
rhagic fever seen by the authors, in only nine 
instances was hyperkalemia thought to be of 
critical importance. Hyperkalemia was con- 
sidered to be the primary cause of death in only 
two patients, representing less than 5 per cent of 
the total mortality. Therapy in the nine pa- 
tients with serious hyperkalemia consisted of 
intravenous glucose and insulin, calcium glu- 
conate, and cation exchange resin by rectum. 
Hemodialysis was used in three patients. The 
two patients who died of hyperkalemia were 
treated with glucose and insulin only, a therapy 
known to be of only transient effectiveness. * 
Considering the severity of the renal failure 
associated with hemorrhagic fever, the inci- 


TABLE IV 
HYPERNATREMIA DURING THE DIURETIC PHASE OF HEMORRHAGIC FEVER (Serum sodium exceeded 150 
mEq./L. for three or more days in each patient.) 


Average during Diuresis 
Patient Day of Diuresis Outcome 
Urine (ml./ | Sodium Intake 
day) (mEq. /day) 
1 161 3 4,800 4,070 100* Survived 
16 161 5 2,670 2,910 100 * Survived 
17 152 6 2,000 1,490 100* Survived 
18 166 8 1,960 2,250 107T Died 
19 171 6 2,260 2,550 0 Died 
20 — 185 8 1,980 3,180 145T Died 


* Estimated sodium content of regular diet. 
{t Hypernatremia followed saline infusion. 
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dence of clinically important hyperkalemia :is 
extremely low. 

When the electrocardiogram was abnormal 
during hyperkalemia, it returned to normal 
rapidly during diuresis, even though the serum 
potassium may have increased further. (Table 
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Despite the deficit in body potassium stores, 
hypokalemia was not marked and three of the 
seven patients had serum potassium values in the 
normal range including the patient with the 
greatest deficit. Although the hypokalemia was 
not impressive, intravenous administration of 


TABLE V 


HYPERKALEMIA DURING OLIGURIC PHASE IN RELATION TO SEVERITY OF CERTAIN 


MANIFESTATIONS OF 


HEMORRHAGIC FEVER 


| Patients with Serum Potassium 
5-6.8 mEq./L. | >6.8 mEq./L. 
Manifestation: 

Febrile phase: Temp. over 102°c. 3-4 10 3° 
Temp. over 102°c. more than 4 days....................... 0 5 

Hemorrhagic manifestations: Petechiae only..........................4.. 9 1 
Gross 1 7 

Oliguria: 400 ml. or less for 0-5 days... 10 
400 ml. or less for more than 5 0 5 

Maximum BUN: 120-210 mg. 9 4* 
>210 mg. %......... ee 1 4 
Electrocardiogram: Peaked T wave only 10 3 
Additional evidence of eee. 0 5 
Glucose and insulin, resins and/or hemodialysis........................ 1 8 


* Unknown in one patient; this patient entered in the less severe category. | 


Tt Gross hematuria, hematemesis and/or hemoptysis. 


1.) Serum sodium and calcium, however, had 
generally returned to normal at this time. 
Potassium deficiency during the diuretic 
phase was sometimes an important problem in 
patients who had had considerable vomiting 
and who had had no food for a number of 
days. Such patients often were given infusions 
of 5 per cent dextrose in water with no added 
potassium. The amount of potassium lost in the 
urine during the period of diuresis without 
potassium intake is shown for seven patients in 
Table vi. Although the potassium content of 
the vomitus was not measured, the volume of 
gastric secretion lost was considerable and the 
negative potassium balances were therefore 
greater than indicated by the loss in urine. In 
addition, these patients also lost variable 
amounts of potassium in the urine during the 
hypotensive and oliguric phases, which together 
lasted four to ten days. During these periods 
the patients received no potassium. (Table v1.) 


potassium chloride produced prompt alleviation 
of weakness, vomiting and abdominal distention 
complained of by many of these patients. Also 
included in Table vi are the data in seven pa- 
tients who throughout the diuretic phase of their 
disease received a diet supplemented with citrus 
fruit juices furnishing approximately 120 mEq. 
potassium daily. Serum potassium values in these 
patients remained near or above the upper limits 


_ of normal and none complained of the symptoms 


described in the potassium-deficient patients. 


COMMENTS 


The hyponatremia, hyperkalemia and reten- 
tion of anions observed during the oliguric phase 
of hemorrhagic fever are similar to the changes 
frequently described in acute renal failure due to 
a variety of causes. However, considering the 
severity of the renal failure associated with 
hemorrhagic fever, the low incidence of ser- 
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lous hyperkalemia is noteworthy. Likewise, the 

minimal decrease in blood CO:2 combining 

power is curious in view of the considerable 

retention of anions. Hypocalcemia was only 

rarely associated with evidence of tetany. 

During the diuretic phase of hemorrhagic 

TABLE VI | 

POTASSIUM DEFICIENCY DURING DIURETIC PHASE IN PATIENTS 

WHO VOMITED FREQUENTLY AND RECEIVED NO 

POTASSIUM 


(Data for Patients on Regular Diet during Diuretic 
Phase Given for Comparative Purposes) 


Urinary 
Previous | Potassium Seru 
Loss | potassium 
Diuresis | Vomitus| during 
(ml.) Diuresis (mEq. /L.) 
(mEq.) 
No Potassium Intake (Ave. Daily Potassium Excretion: 72 
mEq.) 
11 7 2,410 532 4.5 
21 2 4,360 134 3.3 
22 3 2,390 365 3.4 
23 4 3,940 332 5.0 
24 4 1,990 540 3.6 
25 4 3,420 261 3.4 
26 6 4,300 721 4.7 


Regular Diet (Ave. Daily Potassium Excretion: 112 mEq.) 


1 6 0 973 5.6 
2 6 0 372 6.1 
3 6 0 504 5.4 
4 6 0 547 5.0 
5 6 0 1632 4.8 
6 6 0 345 5.0 
7 6 0 345 5.3 


fever the following electrolyte alterations were 
observed: (1) Hyponatremia with or without 
salt-losing nephropathy; (2) hypernatremia with 
or without a decrease in urine sodium excretion; 
(3) hyperkalemia; (4) potassium deficiency with 
or without hypokalemia. 

Hyponatremia following excessive urinary 
excretion of sodium during the diuresis of early 
recovery from acute renal failure is well known. 
However, hyponatremia preceded by and asso- 
ciated with a low sodium excretion was also 
observed in this study. The serum sodium level is 
not a reliable guide to the diagnosis of a salt- 
losing nephropathy and urinary sodium excre- 
tion must be followed to evaluate correctly the 
need for replacement therapy. 
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Hypernatremia developed in some patients at 
a time when the urine volume was large and the 
azotemia was decreasing. Although this ap- 
peared to follow saline infusions in several 
patients, in others it occurred without excessive 
sodium intake. This phenomenon is similar to 
that previously described by Luetscher and 
Blackman‘ in renal failure associated with 
sulfonamide drug toxicity. They considered this 
to be the result of damage to a specific portion of 
the renal tubule. 

A continued increase in serum potassium 
during the first week of diuresis was noted in 
several patients who had been returned to a 
regular diet supplemented with citrus fruit 
juices. This hyperkalemia, however, was but 
rarely associated with serious symptoms or 
electrocardiographic abnormality. 

Potassium deficiency was common in patients 
in whom intake of this ion was limited by nausea 
and vomiting at a time when large amounts were 
being lost in the urine. Symptoms and signs 
characteristic of hypokalemia were associated 
with these circumstances but the serum potas- 
sium was often in the normal range and the 
degree of hypokalemia was never impressive. 
Nevertheless, intravenous administration of 
potassium, even when the serum potassium level 
was high normal, appeared to have prompt 
and beneficial effects, particularly in several 
patients who appeared to have paralytic ileus. 
Observations in dogs® have shown that intestinal 
paralysis can result from a deficiency of intra- 
cellular potassium without hypokalemia. 


SUMMARY 


The following electrolyte abnormalities were 
observed during the course of hemorrhagic 
fever: (1) During the oliguric phase, hypo- 
natremia, hyperkalemia, hypocalcemia and 
retention of anions were common. However, 
serious hyperkalemia. was rarely encountered 


and acidosis was not severe. (2) During diuresis, 


hyponatremia occasionally resulted from a 
‘‘salt-losing’’ nephropathy but more often was 
due to unknown causes. The hyperkalemia fre- 
quently increased during early diuresis but at 
this time was not dangerous. Potassium de- 
ficiency, associated with the usual symptoms and 
signs of hypokalemia, sometimes occurred even 
though hypokalemia was not present. 
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L-arterenol in the Treatment of Epidemic 
Hemorrhagic Fever’ 


LiruT. Rospert H. Yor, M.c.f 


IMINISHED vasomotor tone during the 
febrile phase of hemorrhagic fever is 
indicated by the development of a flush, 

dizziness, occasional syncope and postural hypo- 
tension.! As the shock phase develops with de- 
fervescence, the skin frequently remains warm 
and flushed. Patients dying during this phase of 
illness exhibit marked capillary dilatation in a 
number of other areas? and effective circulating 
blood volume is further reduced’ by loss of 
plasma from the vascular compartment and by 
trapping of erythrocytes in dilated small blood 
vessels. 

Therapy directed toward correction of the 
diminished plasma volume by injection of con- 
centrated serum albumin has been of great 
value but is sometimes inadequate;** moreover, 
dangerously large amounts of serum albumin are 
sometimes required. Because of the demon- 
strated usefulness of continuous intravenous 


pressor amine therapy in other types of shock, *° | 


the present study was undertaken to evaluate 
the effectiveness of L-arterenol in the shock phase 
of hemorrhagic fever. In addition, it had been 
suggested® that early institution of continuous 
pressor therapy might control arteriolar dys- 
function in such a way as to prevent or modify 
capillary damage and so protect the patient 
against the development of renal failure and 
‘other serious manifestations characteristic of 
the disease,!*!! Accordingly, continuous L-arte- 
renol treatment was instituted prior to the 
development of the hypotensive phase in a 
group of patients. 
METHOD 

L-arterenol in a 5 per cent dextrose in water 
solution was given by constant intravenous 
infusion through a polyethylene catheter placed 
in an ankle, antecubital or femoral vein. The 
infusion rate was adjusted so as to maintain the 


systolic blood pressure between 100 and 115 
mm. Hg. The dosage of L-arterenol required in 
patients with shock generally varied between 10 
and 320 ug. per minute. 

Earlier attempts to maintain the systolic 
préssure between 120 and 140 mm. Hg were 
abandoned because of marked fluctuations in 
pressure at the higher dosage levels required. 
In addition, the renal plasma flow which was 
decreased during shock returned toward normal 
as the blood pressure was raised to 100-115 mm. 
Hg, but decreased again as the pressure was 
increased above 120 mm. Hg by larger doses of 
L-arterenol. !? 

Additional therapy for shock was given in the 
form of concentrated serum albumin if a rapidly 
increasing dosage of pressor drug was required 
to maintain blood pressure, if the hematocrit 
increased excessively, if the pulse pressure was 
less than 20 mm. Hg or if the pulse rate con- 
sistently exceeded 100. If the serum albumin was 
not given at such times, increasing amounts of 
L-arterenol resulted in a further decrease in 
pulse pressure and occasionally an unobtainable 
blood pressure. 

RESULTS 


L-arterenol in the Treatment of Shock in Hemor- 
rhagic Fever. Eleven of the twelve patients in 
this group (Table 1) were in severe clinical 
shock when L-arterenol was started. Patient 3 
had been in severe shock which had responded 
partially (pulse rate still increased) to 4 units of 
serum albumin during the three hours prior to 
starting L-arterenol. The degree of plasma loss, 
as reflected by the greatly increased hematocrits 
shown in Table 1, was considerable in all but one 
of the patients. | 

L-arterenol produced an immediate initial 
decrease in the pulse rate, usually to less than 
100, in all patients and an immediate increase in 


* From the 48th Surgical Hospital (Mobile Army), APO 301. Requests for reprints should be addressed to Dr. David P. 
Earle, New York University College of Medicine, New York 16, N. Y. 
t Present address: Dept. of Medicine, The Medical College of Alabama, Birmingham 5, Ala. 
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blood pressure in the eleven patients who had 
hypotension prior to drug therapy. An example 
of the acute effect of L-arterenol on the femoral 


arterial pressure tracing is shown in Figure 1. | 


Despite a greatly reduced effective circulating 
blood volume (hematocrit 56), pressor therapy 


adequate dosage of L-arterenol is demonstrated 
in Figure 2 which illustrates the course of 
events in the patient who died in shock. Similar 
episodes of hypotension or recurrent shock were 
demonstrated on several occasions in nine of 
twelve patients when the pressor drug infusion 


TABLE I 
CONTINUOUS L-ARTERENOL INFUSION IN THE TREATMENT OF SHOCK IN HEMORRHAGIC FEVER 
L-Arterenol Blood Pressure Pulse Rate 
Maximum | Days from 
Patient ne bie Hema- | End of Primary 
ug. per | Duration | Total | Maximum eee Maximum sn tocrit Shock to Death’ 
‘ esponse esponse 
Minute | in Hours; Mg. | Control Control 

1 13 to 24 24 14 98/88 150/128 110 80 60 Survived 

2 7 to 30 20 18 82/62 150/102 104 94 66 10 

3 10 to 30 56 102 112/85 120/95 138 100 60 2 

4 30 to 240 | 101 189 68/35 164/95 128 78 56 6 

5 3 to 10 27 8 90/70 128/96 100 80 58 Survived 

6 80 to 320 74% 15 0/0 152/102 ? 100 59 Died in pri- 

mary shock 

7 5 to 50 64 88 86/76 120/100 116 106 62 2 

8 15 to 27 34 39 90/70 152/102 102 72 61 Survived 

9 3 to 13 48 26 70/56 118/88 120 92 49 Survived 
10 15 to 80 62 104 80/68 128/98 104 68 66 Survived 
11 20 to 40 51 62 90/70 140/100 120 96 58 Survived 
12 5 to 10 38 16 86/70 130/94 110 80 60 Survived 


not only increased blood pressure within a 
few minutes but also returned the grossly ab- 
normal pressure curve to normal. 

During the course of another study?* the acute 
effects of L-arterenol on hemodynamics in the 
febrile and hypotensive phases of hemorrhagic 
fever were observed. These data are reproduced 
in Table 1m with the author’s permission. The 
three patients in the febrile phase exhibited some 
hypotension but no clinical evidence of shock. 
Cardiac index was well above normal in two 
while peripheral resistance was definitely de- 
creased in all three. L-arterenol increased blood 
pressure in each instance but increased periph- 
eral resistance only in the patient whose cardiac 
index fell from an unusually high initial value. 
L-arterenol increased blood pressure in the two 
patients in shock. Peripheral resistance, how- 
ever, was increased slightly in only one. 

With the exception of one patient who died in 
primary shock after seven and one-half hours of 
treatment, the duration of continuous intra- 
venous pressor drug administration varied 
between 20 and 101 hours. (Table 1.) The 
dependence of blood pressure on continued 


was either purposely or inadvertently slowed or 
stopped. 

Shock was diagnosed on clinical evidence and 
was usually associated with an _ increasing 
hematocrit and pulse rate, and decreasing blood 
and pulse pressures. A narrowed pulse pressure 
alone could not be relied upon as a good criterion 
for shock during pressor therapy since the latter 
in excess doses reduced pulse pressure. 

Only three of the twelve patients whose 
shock was treated with L-arterenol infusion 
required no supplementary albumin therapy. 
On the other hand, more than 600 ml. con- 
centrated human serum albumin was required 


in only three of the twelve patients. Prior to — 


institution of the L-arterenol study, administra- 
tion of more than 600 ml. albumin was quite 
common in hemorrhagic fever patients with 
comparable degrees of clinical shock and 
hemoconcentration. 

After twenty-four to forty-eight hours of 
pressor drug infusion, the hematocrit generally 
began to decrease and the dosage of L-arterenol 
was reduced gradually to avoid the development 
of hypertension. Pressor therapy was discon- 
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TABLE II 
_ EFFECT OF L-ARTERENOL ON HEMODYNAMICS IN HEMORRHAGIC FEVER * 
Venous Mean T-1824 
Pressure | Arterial | Cardiac | Peripheral) tation 
Patient f Phase Hematocrit Period (ram. Shecaiaats Index Resistance Time 
Saline) (mm. Hg) (L./Min.) | (Units) (Sec.) 
17 Febrile 50 Control 65 86 5.0 8.0 10 
L-arterenol 68 115 6.0 9.0 15 
29 Febrile 52 Control 70 76 8.0 4.5 25 
L-arterenol 28 112 5.9 10.8 14 
16 Febrile 53 Control 25 76 4.6 9.1 12 
L-arterenol bea 83 5.5 8.3 12 
8 Hypotensive 51 Control 3 70 3.3 12.0 20 
L-arterenol 12 113 3.5 18.4 16 
12A{ | Hypotensive 54 Control 88 81 3.2 12.0 15 
L-arterenol 108 92 4.1 10.6 10 


* The author is indebted to Dr. D. W. Cugell for permission to present these data. 


} These patients appear under same numbers in Tables 1 and m. 
t This patient does not appear elsewhere in this paper since he received L-arterenol for only one hour. 


tinued when 1 to 3 wg. L-arterenol per minute 
was sufficient to maintain normal blood pressure. 

Only one of the twelve patients with severe 
shock treated with pressor therapy died.in the 
primary shock phase. (Fig. 2.) In retrospect, it 
was believed that this patient received insufh- 
cient plasma volume expander after the second 
hour of observation. In addition, the L-arterenol 
infusion accidentally stopped at the ninth hour 
for fifteen minutes. Subsequently, the patient 
remained in shock despite heroic therapy and 
died half an hour later. 

Four additional patients treated with L-arte- 
renol died of complications two to ten days after 
the termination of the primary hypotensive 
phase. Such deaths were frequently preceded by 
shock but in these instances the shock was 
secondary to extreme dehydration, electrolyte 
disturbances or complicating pulmonary infec- 
tions.! Episodes of this type were treated with 
continuous intravenous pressor drug, along with 
other measures to combat the underlying com- 
plications in eight critically ill patients in the 
later phases of hemorrhagic fever. The pressor 
therapy maintained blood pressure in the normal 
range in all but one. However, only three sur- 
vived, the remainder dying in acute pulmonary 
edema. 

Two patients, not included in the present 
analysis, died in the primary shock phase of 
hemorrhagic fever despite continuous intra- 
venous pressor drug therapy. These patients 
were treated before institution of the present 


MAY, 1954 


A 
TT 
B 
RE 


: 


Fic. 1. Effect of L-arterenol on femoral ar- 
terial pressure curve during severe shock in 
hemorrhagic fever (patient 4, Table 1). A, 
pre-treatment blood pressure 68/35, the 
tracing is grossly abnormal and charac- 
teristic of shock. B, one minute after the 
administration of L-arternol at 30 ug. /min., 
blood pressure 73/45. Within three minutes 
the blood pressure had reached normal 


_levels. C, tracings after thirty minutes are 


normal in appearance, blood pressure 


150/80. 
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study. Both received large doses of neosynphrine 
as well as L-arterenol. The pressor infusion was 
frequently started and stopped in one of these 
patients, who at one time remained in shock with 
unobtainable blood pressure for two and one- 
half hours before the infusion was restarted. 
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of primary shock in both groups died dur- 
ing later phases of the disease with a variety of 
complications. 

L-arterenol Treatment Prior to Hypotensive Phase. 
Eighteen patients were given continuous in- 
travenous pressor therapy prior to the onset of 


— 


ALBUMIN 
50 mi ALBUMIN 200 ml 


PLASMA 
500 mi 


Fic. 2. Example of fatality in severe primary shock in hemorrhagic fever despite 
continuous L-arterenol infusion (patient 6, Table 1-and Fig. 3). This patient was 
admitted in severe shock and blood pressure was unobtainable until given both 
plasma volume expander and an infusion containing a large amount of L-artere- 
nol. Accidental stopping or slowing of the infusion resulted in marked decrease in 
blood pressure. The severe shock that followed the second episode did not re- 
spond to further plasma volume expanders or heroic pressor therapy. 


The other patient likewise remained in shock 
with unobtainable blood pressure for almost an 
hour before institution of pressor drug therapy. 
This patient, in addition, was given no plasma 
volume expander over a period of seven hours, 
while the hematocrit increased from fifty-nine to 
sixty-eight. This occurred just before and during 
the early part of the pressor drug therapy. 
Following the episodes described previously in- 
creasing doses of L-arterenol and/or neosyneph- 
rine to more than 1,000 wg. per minute and 
liberal amounts of concentrated human serum 


albumin failed to maintain blood pressure and 


both patients died in shock. 

If the two patients just cited are included in 
the analysis, three (21 per cent) of fourteen pa- 
tients whose shock was treated with continuous 
intravenous pressor therapy drugs died in the 
primary shock phase, as compared with sixteen 
_ (33 per cent) of forty-eight patients whose shock 
was treated with concentrated serum albumin 
but not with L-arterenol. These differences 
are not statistically significant (chi-square 
test). Approximately one-third of the survivors 


serious hypotension or shock. There was no 
essential difference in the results in those treated 
before or after the appearance of proteinuria 
and the two groups will be considered together. 
Although prediction of the severity of the subse- 
quent course of hemorrhagic fever during the 
initial febrile phase cannot be made precisely, 
there is a reasonable degree of correlation.'! In 
any case an effort was made to select patients for 
the present study who had considerable fever 
and who appeared quite ill on clinical grounds. 
Data concerning the status of these patients 
at the time of starting L-arterenol infusion, the 
details of the L-arterenol therapy and data con- 
cerned with the evaluation of the severity of the 
subsequent hypotensive, renal, hemorrhagic and 
central nervous system manifestations are sum- 
marized in Table m1. None of the eighteen pa- 
tients died, six required more than 10 ug. 
L-arterenol per minute at some time, but only 
one exhibited any evidence of clinical shock and 
required a supplementary serum albumin infu- 
sion. The course of the latter patient is shown in 
Figure 3. The incidence of shock requiring 
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Fic. 3. Example of treatment of hemorrhagic fever by continuous L-arterenol 
infusion begun before hypotensive phase. Note the gradual increase in hema- 
tocrit. During this time the dosage of L-arterenol was gradually increased. At 
the time of maximum hematocrit, while the patient was receiving very large 
dosages of L-arterenol, the blood pressure became unobtainable. At this point 
200 ml. of serum albumin was given. After this, as the hematocrit gradually de- 
creased, the dosage of L-arterenol could be reduced. 


TABLE III 


EFFECT OF CONTINUOUS L-ARTERENOL INFUSION STARTED DURING FEBRILE PHASE ON SUBSEQUENT COURSE 
OF HEMORRHAGIC FEVER 


at Start of 
erapy 
: Day Dura- inute Tem- Maxi- ‘ estations en 
Pro- | Hemato- | tion pera- Lowest | mum | Status 
Dis- | crit in ture Blood Hemato- | 
i Maxi- Pressure : B.U.N. 
ease | Hours | Start over crit 
mum | 102°r. 
13 2/10 46 133% 6 28 3 110/70 52 132 Gross hematuria, dis- 
oriented 
14 2/10 Normal* | 74 _ | Low*| Low* 3 Normal * 52 92 | None 
15 2 10 46 38 4 8 2 110/74 49 36 None 
16 2/10 45 105 4 6 2 108 /68 52 93 None 
17 21,0 48 89 5 10 2 110/74 56 128 None 
18 2/10 48 120 5 40 2 98/88 56 184 | Hematemesis, hema- 
turia, convulsions, 
paranoia 
19 2/0 45 69 4 8 2 98/68 58 64 | None 
20 3 10 50 82 4 7 2 106/58 51 17 Gross hematuria 
21 3 |0 Normal* |} 60 | Low*} Low* 3 Normal * 48 17 | None 
22 3 10 46 34 6 8 2 120/70 53 18 | None 
23 3 | 0 50 64 4 7 2 102/62 53 72 | Gross hematuria, 
paranoia 
24 3 |0 Normal* | 82 | Low*| High* 4 Normal * 59 133 Gross hematuria, 
epistaxis, dis- 
oriented 
25 3 | 2+ 50 60 21 64 2 86/72 58 27 None 
26 3 | 2+ | Normal*| 45 Low * | Low* 3 Normal * 48 23 | None 
27 4 | 4+ 56 24 22 22 2 124/86 56 171 Gross hematuria, 
restless 
28 4 }1+ 48 68 8 15 3 114/70 58 126 | Disoriented, mania 
29 5 | 44+ 56 56 5 8 2 102/60 56 49 | None 
30 5 1+ 46 28 3 3 0? 118/64 48 49 | None 


* Parts of these protocols were lost but summaries were available which described indicated measurements in the 


terms recorded. 
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serum albumin therapy in this group was 5 per 
cent as compared with 21 per cent among 175 
other patients observed during the same out- 


break not treated with L-arterenol. These 
differences are not significant by the chi-square 
test. However, the majority of instances of 
shock requiring serum albumin among the 
control group occurred in patients who ex- 
hibited appreciable increases in hematocrit. Of 
forty-four control patients with hematocrits of 
55 or greater, thirty (68 per cent) required serum 
albumin injection for shock. This compares with 
one of the eight (12 per cent) patients in the early 
L-arterenol treated group whose hematocrits 
exceeded 55 and whose shock required albumin 
administration. This difference is highly signif- 
icant by the chi-square test. 

Despite the probable amelioration of the 
hypotension and shock by the early institution of 
L-arterenol therapy in hemorrhagic fever, this 
procedure did not prevent the development of 
severe capillary leakage as reflected by greatly 
increased hematocrits, severe renal failure as 
evidenced by the maximum blood area nitro- 
gen, or significant hemorrhagic and central 
nervous system manifestations. (Table 11.) 
The number of treated patients was too small to 


permit any conclusion as to the effect of early 
L-arterenol therapy on mortality in hemorrhagic 


fever. 

Complications of Continuous Intravenous L-arterenol. 
The most common complication of continuous 
L-arterenol infusions was phlebitis of the vein in 
which the polyethylene tubing was placed. This 
was most severe when ankle veins were used for 
the infusions. No severe phlebitis occurred 
among eighteen patients in whom the ante- 
cubital or femoral veins were utilized. Infiltra- 
tion of the infusion into the subcutaneous tissues 
of one patient resulted in severe local vaso- 
constriction followed by ulceration of the skin. 
Superficial skin ulcerations occurred in two other 
patients who had phlebitis only. 


COMMENT 


That continuous L-arterenol infusion is a use- 
ful procedure in the management of severe 
primary shock in hemorrhagic fever is demon- 
strated by its initial prompt and beneficial effect 
on clinical appearance, pulse and blood pressure. 
Its continued effectiveness throughout the hypo- 
tensive phase can be demonstrated by noting the 
return of hypotension and shock when the in- 
fusion is reduced in rate or stopped too soon. 
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Pressor therapy alone, however, rarely suffices 
in the management of severe shock in hemor- 
rhagic fever. Careful attention must be paid 
to effective circulating blood volume, and the 
severely ill patient usually requires additional 
therapy in the form of cgncentrated (salt-poor) 
human serum albumin. Loss of plasma through 
damaged capillaries may continue for several 
days and perhaps one of the greatest benefits 
of continuous L-arterenol infusions is the reduc- 
tion it permits in the amount of serum albumin 
that may be required in the treatment of the 
seriously ill patient. 

Three of fourteen patients with severe shock 
treated with continuous intravenous pressor 
drugs died in primary shock and the mortality 
rate in the shock phase for this group was not 
significantly different from the control group 
with equally severe shock. However, it is worth 
noting the mishaps that occurred in the use of 
L-arterenol infusions in the three patients who 
died. Unfortunately, the severely ill hemorrhagic 
fever patient is subject to a wide variety of 
serious physiologic derangements and complica- 
tions during the later stages of the disease,!»* and 
tiding a patient over a severe primary shock 
phase does not assure eventual survival. The 
evidence at hand suggests that continuous 
pressor drug infusion represents a valuable 
adjunct to the management of hemorrhagic 
fever but the number of patients reported here is 
small and any conclusion as to the effect of this 
type of therapy on the over-all mortality rate 
would be premature. 

Institution of continuous intravenous L-arte- 
renol administration during the initial febrile 
phase of hemorrhagic fever may possibly have a 
beneficial effect on hypotension, but does not 
prevent capillary leakage, severe renal failure or 
serious hemorrhagic or central nervous system 
manifestations. 

SUMMARY 

1. Hypotension and shock occurring during 
the hypotensive phase of hemorrhagic fever 
responds at least transiently to continuous in- 
fusion of L-arterenol. 

2. However, decreased circulating plasma 
volume is an important factor in the etiology 
of the shock and the judicious use of L-arterenol 
and concentrated human serum albumin either 
alone or in combination, as circumstances 
dictate, appears to be the method of choice for 
the management of the severely ill patient in this 
phase of the disease. 
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3. Early use of continuous intravenous L-arte- 
renol does not prevent the development of 
severe renal failure and other serious manifesta- 
tions of hemorrhagic fever. 
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Analysis of Sequential Physiologic 
Derangements in 
Epidemic Hemorrhagic Fever’ 


With a Commentary on Management 


Davip P. EARLE, M.D. 


EMORRHAGIC fever is an acute disease of 
H unknown etiology which is character- 
ized by widespread abnormalities 
of blood vessels, chiefly arterioles and capillaries. 
The vascular abnormalities lead to impairment 
of function in a number of organs. Many 
of the resulting clinical,'~* laboratory,*~!? func- 
tional!*-!6 and pathologic!’—?° features have 
been adequately described. The present paper 
represents an attempt to correlate these diverse 
findings in such a way that the clinical course 
and management of hemorrhagic fever may be 
considered in terms of the underlying physiologic 
derangements. 

In making this analysis the author has drawn 
freely upon the ideas and observations of many 
medical officers who have studied the disease. f 
Some of the points to be made appear to be well 
established. Some aspects of the physiologic 
interpretations are based on data which un- 
fortunately are incomplete, and some of the 
interpretations are frankly speculative in nature, 
being supported by the most indirect type of 
evidence. 


t The author is very pleased to express his appreciation 
of the many ways in which Major John A. Sheedy, Chief 
of Medicine and Lt. Col. George White, Commanding 
Officer of the 48th Surgical Hospital (Mobile Army), 
Col. Richard P. Mason, Col. William E. Stone, Brigadier 
General L. Holmes Ginn, Major General William E. 
Shambora and Dr. Joseph E. Smadel made these studies 
possible and would like to thank them for their many 
courtesies and excellent suggestions. It will be apparent 
to the reader of this Symposium that the present paper is 
possible only because of the efforts and ideas of the au- 
thor’s colleagues at the 48th Hospital during the 1952 fall 
outbreak and also of the many medical officers who 
studied the disease during the earlier outbreaks. 


The subdivision of the clinical course of 
hemorrhagic tever into its several phases 
(febrile, hypotensive, oliguric, diuretic and 
convalescent) is arbitrary, considerable over- 
lapping of certain features occurring among the 
several phases, and sometimes in mildly ill 
patients the hypotensive and oliguric phases 
may not appear at all. Nevertheless, each of 
these phases is characterized by a different set of 
more or less distinct physiologic disturbances, 
and each appears to follow its predecessor 
in dependent and logical sequence. This analysis 
of the underlying physiologic derangements will 
therefore follow the same sequential pattern 
rather than consider each function or system 
individually throughout the entire course of the 
disease. 

INITIAL FEBRILE PHASE 

Evidence for small blood vessel dysfunction 
appears quite early in hemorrhagic fever. A 
marked, almost characteristic flush of the face, 
neck and upper thorax together with intense 
injection of the soft palate and pharynx sug- 
gests arteriolar dilatation. This is confirmed by 
direct microscopic observation of vessels at the 
base of the finger nail.?! Likewise, plethysmo- 
graphic observations,!® slightly increased renal 
blood flow'* and increased cardiac output and 
decreased peripheral resistance!® are compatible 
with arteriolar dilatation at this time. Much of 
this arteriolar dilatation could be the ordinary 
response to fever. However, the subsequent 
appearance of petechiae and of a positive 
Rumpel-Leedes test!:® indicates that capillaries 
are seriously damaged. Blood platelets begin 
to decrease in number during the febrile 


* From the 48th Surgical Hospital (Mobile Army), APO 301 and the Department of Medicine, New York University 
College of Medicine, New York, N. Y. 
t Present address: Dept. of Medicine, New York University College of Medicine, 477 First Ave., New York 16, N. Y. 
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phase,'’:!° the hematocrit begins to increase 
with little or no change in total serum proteins?! 
and the plasma volume is sometimes slightly 
reduced.'* At the same time, proteinuria rather 
suddenly develops.!:?*7 These observations, 
taken together, suggest that plasma is beginning 


ing that of the blood plasma.”‘ The presence or 
absence of retroperitoneal edema was definitely 
related to the phase of the disease at the time of 
death, as shown in Figure 1, where the degree of 
retroperitoneal edema noted in each fatality is 
distributed in relation to time of maximum 


DEATH BY PHASE 


H = HYPOTENSIVE 12 cases = PROFOUND 10 cases 
T = TRANSITION 7 cases 7, 
| © = OLIGURIC 10 cases WA = MODERATE 8 cases 
| D = DIURETIC 13 cases y = NONE 23 cases 
TOTAL 42 cases 
= case 
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TOTAL 42 cases 
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| DAYS AFTER PEAK HEMATOCRIT 
Fic. 1. Death in hemorrhagic fever in relation to phase, time of maximum hematocrit during hypotensive phase and 


retroperitoneal edema. 


to leak out of the vascular system. Many pa- 
tients complain of considerable thirst at this 
time. It has been a repeatedly confirmed clinical 
observation!* 22,28 that administration of fluid 
to such patients very promptly results in in- 
creased abdominal discomfort and lumbar 
backache, and in some instances produced 
scleral and conjunctival edema. Apparently, 
the administered excess fluid simply leaks out 
into the tissues. 

Death during the initial phase of epidemic 
hemorrhagic fever did not occur among the 
patients who form the basis of this analysis. 


HYPOTENSIVE PHASE 


Defervescence is often associated with a 
decreasing blood pressure and sometimes with 
shock, as evidenced by symptoms and tachy- 
cardia. Early primary shock of this type ac- 
counted for almost one-third of all deaths in 
hemorrhagic fever. (Fig. 1.) At least two major 
factors are concerned in the development of 
primary shock in this phase: reduced circulating 
blood volume and loss of arteriolar tone. 

Evidence for loss of plasma through capillary 
walls is overwhelming. Patients who died in this 
phase of the disease were found to have a very 
large amount of gelatinous retroperitoneal 
edema,!’—?° with a protein content approximat- 
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hematocrit. This is taken as a clinical guide to 
the severity of leakage of plasma out of the 
vascular system, one of the major features of 
the hypotensive phase. Note that marked 
retroperitoneal edema was observed in all but 
one of the patients dying in the primary shock 
phase, that moderate edema occurred in six of 
the seven patients dying in the transition phase 
(i.e., as the hematocrit was falling), while 
moderate edema was observed in only one of the 
twenty-three patients dying later in the oliguric 


and diuretic phases. A sharp increase in the 


hematocrit not associated with an increase in the 
serum total protein concentration" reflects this 
loss of plasma from the vascular system. All 
twelve patients considered to have died in 
primary shock did so within twenty-four hours 
of the maximum hematocrit value. (Fig. 1.) 
Plasma volume, measured either by the T-1824 
dye or tagged erythrocyte technic, may be 
significantly reduced and the rate of dye disap- 
pearance considerably increased in the hypo- 
tensive phase.'* Proteinuria is also probably a 
reflection of the extensive capillary damage. 
Finally, a persistent increase in finger tip volume 
following venous occlusion has been demon- 
strated by a plethysmographic technic during 
this phase. Some degree of plasma leakage may 
occur in all but the mildest instances of hemor- 
rhagic fever since the hematocrit may exhibit a 
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considerable increase even when there is no 
evidence of shock or hypotension.® 

A typical example of death during the hypo- 
tensive phase is illustrated in Figure 2. Note that 
both plasma volume replacement (concentrated 
human serum albumin) and increasing doses of 


the primary shock in hemorrhagic fever. Clinical 
observation indicates that the peculiar flushes of 
the febrile phase persist during shock even after 
defervescence. The extremities may remain 
warm despite clinical shock. The pulse pressure 
usually narrows somewhat during the onset of 


ALBUMIN 100 ml PITRESSIN 
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= 50 ml 
100- 
70= 
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of 
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Fic. 2. Death in primary shock phase of hemorrhagic fever. Note initial response to continuous intravenous pressor 
therapy but increasing requirements during subsequent course, and death after eighteen hours’ observation despite 
400 ml. concentrated human albumin, pitressin and adrenal cortical extract. Note also shock at eleventh hour when’ 
L-arterenol infusion infiltrated into subcutaneous tissue. Blood pressure could be measured only by palpatory 
method after fifth hour. Marked retroperitoneal edema present at autopsy. 


pressor drug given by continuous intravenous 


infusion failed to maintain this patient’s blood > 


pressure. 
A reduction of circulating red blood cell mass may 
also begin in the hypotensive phase in severely 
ill patients.'* This has occurred in patients with 
little or no hemorrhage. Hemoiysis of significant 
degree has not yet been demonstrated during this 
phase of the disease. The reduced circulating red 
blood cell volume is therefore probably the result 
of pooling or trapping of erythrocytes in dilated 
capillaries. This process may occur not only in 
the renal medulla but also in the gastrointestinal 
tract, the spleen and in other organs. 17—?° 
Evidence of loss of arteriolar tone is less direct 
and clear-cut than that for plasma leakage. 
Nevertheless, available evidence reviewed subse- 
quently suggests that the vasoconstriction ob- 
served in burn shock,” a condition characterized 
by plasma loss, does not occur regularly during 


shock but in most patients decreased pulse 
pressure is not marked in relation to the low 
levels of systolic pressure. Finger tip blood flow is 
not obviously reduced.‘® Measurements of 
cardiac output and peripheral resistance during 
the hypotensive phase unfortunately are meager. 
Nevertheless, those available indicate that 
peripheral resistance usually is not increased 
and may be below normal, while the cardiac out- 
put is at or below the lower limits of normal. *!5 
Finally, the effect of continuous intravenous 
L-arterenol during the hypotensive phase of 
hemorrhagic fever may be cited. Unusually large 
dosages of this drug may be required to main- 
tain blood pressure in certain patients.?” In 
some this may be a reflection of a considerable 
reduction in circulating blood volume but in 
others large and increasing amounts of pressor 


* Further studies made during the fall 1953 outbreak 
of hemorrhagic fever have confirmed these observations, 7° 
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agent are required even though the hematocrit is 
stable and only slightly increased. (Fig. 3.) 

As a result of the small blood vessel dysfunc- 
tion, and perhaps because of local edema, blood 
flow to certain organs is impaired. This has been 
demonstrated insofar as the kidneys are con- 
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for protein deposits in the glomerular space, some 
casts in the convoluted tubules and sometimes 
interstitial edema, the renal cortex usually 
exhibits no obvious damage at this stage.!7—?° 
Hemorrhages, such as ecchymoses at the site of 
even minor trauma, hematomas, gross hema- 
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DAYS OF ILLNESS 5 
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Fic. 3. Example of transition shock in hemorrhagic fever. Note dependency of blood pressure on pressor therapy 
and relative ineffectiveness of serum albumin therapy despite minimal increase in hematocrit. 


cerned, !‘ and is suggested by symptoms and the 
histologic evidence of congested and dilated 
capillaries in the stomach and sometimes in 
other organs, including portions of the brain. 
Although impairment of renal and _ gastric 
functions does not contribute to the mortality 
of the hypotensive phase, it does play an impor- 
tant part in the subsequent stormy course. 
Impairment of renal function which usually begins 
about the time of defervescence may develop 
independent of shock or even hypotension. 
This is evidenced by the development of pro- 
teinuria, oliguria, impaired renal function and 
nitrogen retention in patients who have main- 
tained normal blood pressures.* Renal failure 
therefore appears to be related chiefly to de- 
creased renal blood flow which is presumably 
secondary to the medullary congestion. Except 
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turia, hematemesis, melena and hemoptysis, 
begin to appear toward the end of the hypo- 
tensive phase when the platelets usually reach 
their minimum values.!>—!° The hemorrhages 
are rarely large and appear to be chiefly capil- 
lary in origin. The gross hematuria can be related 
to hemorrhages into the pelvis or ureter.® 
Petechial hemorrhages in the central nervous 
system are not uncommon.?° 

A number of factors appear to be involved in 
the development of the hemorrhagic phenomena. 
Capillary damage and platelet reduction are 
undoubtedly important. Continued stagnation 
of erythrocytes in widely dilated capillaries 
persists for days or weeks,!7~?° and such vessels 
could be assumed to be abnormally fragile. 
The occurrence and location of hemorrhages are 
probably conditioned in many instances by 
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trauma such as venipunctures, hypodermic 
injections and contusions induced by the patient 
thrashing about. In addition, other factors may 
play a secondary role in the development of 
hemorrhages such as vomiting, coughing, and 
perhaps also the relative hypervolemia oc- 
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OLIGURIC PHASE 


Loss of plasma from the vascular system, one of 
the characteristic features of the hypotensive 
phase of hemorrhagic fever, appears to be a self- 
limited process. Generally, the hematocrit 
begins to decrease after one or two days of 


BLOOD TT 


DAYS OF ILLNESS 


Fic. 4. Example of severe primary shock followed by transitional shock but eventual recovery in hemorrhagic fever. 
Note decreases in blood pressure and occurrence of shock on tenth and eleventh day when pressor therapy was 
interrupted for thirty and eighty-five minutes, respectively, even though decrease in hematocrit indicated return of 
sequestered plasma to effective circulation. External blood loss was small. Anuria and severe oliguria persisted through- 


out segment of course illustrated. 


casionally present at a later stage of the disease 
(see following text). 

Congestion and/or hemorrhages occur in the 
right auricle, anterior lobe of the pituitary and 
sometimes in the adrenals.!’~2° Despite this, 
there is little or no evidence that functional 
impairment of these organs contributes to the 
pathogenesis of primary shock in hemorrhagic 
fever. During the hypotensive phase 17-keto- 
steroid excretion is reduced,?* but the marked 
impairment of renal function at this time renders 
interpretation of this finding impossible. 


maximum elevation, and hypotension and shock 
usually become less and less of a problem in 
management. Although oliguria and evidence 
of renal functional impairment first appear dur- 
ing the early hypotensive phase, the oliguria now 
becomes more pronounced and urea nitrogen 
and related substances increase rapidly in the 
blood. Other symptoms may also appear or 
become worse, such as mental confusion, nausea, 
vomiting, dehydration and electrolyte abnor- 
malities. Blood platelets usually begin to increase 
at this time but they may still be less than 70,000 
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per mm.* and hemorrhagic manifestations may 
persist. 

_ Transition Period. The decrease in hematocrit 
may be quite rapid, in some instances falling as 
much as ten points in twelve hours. Generally, 
however, the decrease is more gradual, requiring 
one to three days before stabilizing at or near 
normal values. Seven of forty-two deaths 
analyzed? occurred during the transition period 
while the hematocrit was decreasing. All of these 
patients died in shock, but the pathogenesis of 
this transition shock appears to be different from 
that observed during the hypotensive phase. 

First, five of these seven patients (all of whom 
had significant shock during the hypotensive 
phase) maintained blood pressure at levels of 
100/70 mm. Hg or greater, without therapy, for 
eight to thirty hours during the period of decreas- 
ing hematocrit and before the second and fatal 
bout of shock occurred. Transient hypertensive 
blood pressures were noted in three of the pa- 
tients. Second, although retroperitoneal edema 
was noted in six of the seven autopsies, it was 
described as mild or moderate in degree, in 
contrast to the profound edema observed in 
patients who died in the hypotensive phase. 
(Fig. 1.) This, together with the observation that 
total serum protein does not decrease as the 
hematocrit falls,'! strongly suggests that at this 
phase of the disorder plasma is returning from 
tissue depots to the vascular system. Measure- 
ments of plasma volume?* reveal an increase 
toward normal at this time, lending further 
credence to this hypothesis. 

It is reasonable, therefore, to attribute the 
transition shock which occurs as circulating 
blood volume increases to some type of arteriolar 
dysfunction. In some instances this may be 
secondary to such factors as hyperpyrexia, 
pulmonary infection, central nervous system 
complication, dehydration or electrolyte ab- 
normalities. Such complicating factors, how- 
ever, were absent in three of the seven transition 
period fatalities, and persistent arteriolar dys- 
function in such instances perhaps may be the 
result of the direct action of the etiologic agent 
or some toxin produced by it. An example of 
this type is shown in Figure 3. Large continuous 
doses of intravenous pressor drugs were required 
to maintain blood pressure in this patient but he 
eventually expired in shock nevertheless. ‘The 
hematocrit in this patient never exceeded 50, and 
presumably loss of plasma from the vascular 
system was not extensive and played a relatively 
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small role in the pathogenesis of his shock. At 
autopsy, retroperitoneal edema was present 
but only in moderate amount. 

Another example of transition shock is shown 
in Figure 4. In this patient, who eventually 
recovered, continuous intravenous pressor ther- 
apy was required to keep the patient out of shock 
for almost three days after the hematocrit began 
to decrease. Although some hemorrhage oc- 
curred in this patient, the amount of external 
blood lost was small. Despite this the whole 
blood volume, measured at a time when the 
hematocrit had fallen below 40, was only 70 per 
cent of the expected normal. As indicated 
previously in connection with the hypotensive 
phase, it is probable that significant numbers 
of erythrocytes are trapped in dilated capillaries 
in a number of organs. Reduction of circulating 
blood volume on this basis may contribute to 
the persistence of shock beyond the primary 
hypotensive phase in rare instances of severe 
hemorrhagic fever. Beneficial effects of blood 
transfusions in such circumstances have been 
demonstrated in a few other patients. 

Period of Established Oliguria. ‘Ten of forty-two 
patients died while oliguric and after the hema- 
tocrit had completed its decrease to normal or 
near normal values.* None of these patients had 
retroperitoneal edema at autopsy (Fig. 1), 
evidence that the capillary leakage had been 
repaired by this time. 

Dehydration, electrolyte abnormalities and 
pulmonary complications were important pri- 
mary or contributory factors to death in this 
phase.* Four of the ten patients died in shock 
which was secondary to one or more of these 
factors. An example of shock secondary to 
pulmonary infection and hyperpyrexia is shown 
in Figure 5. Although renal failure is at its 
maximum during this phase,‘ in only one in- 
stance was hyperkalemia sufficiently severe to be 
considered a factor contributing to death. 
More common was dehydration and potassium 
deficiency.*® 

Curiously, although most patients in the 
oliguric phase have marked renal failure and 
retention of anions such as inorganic phosphate, 
sulfate and organic acids, blood pH and carbon 
dioxide CO: combining power were almost 
always within normal limits.!? The explanation 
for this is not clear. | 

Hypertension. Significant hypertension that 
persisted for more than twenty-four hours was 
not uncommon during the late oliguric and 
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early diuretic phases of hemorrhagic fever!57.8 
Blood pressures were sometimes in the range of 
160-—220/110-120 mm. Hg. Some degree of 
correlation existed between the incidence of 
hypertension and the severity of the preceding 
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cance of such possible factors as various pressor 


substances, hypermetabolism and neurogenic 


influences in the development of hypertension in 
hemorrhagic fever. Fluid and electrolyte im- 
balances, relative hypervolemia® and perhaps 
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Fic. 5. Example of death in secondary shock during oliguric phase of hemorrhagic fever. Primary shock on fifth 
day during hypotensive phase was mild. Subsequent slight increase of hematocrit was presumably due to dehy- 
dration rather than to continued capillary leakage of plasma. On the seventh day patient developed right lower 
lobe pneumonia and hyperpyrexia that precipitated shock not responsive to therapy. At autopsy characteristic 
findings of hemorrhagic fever were present, although there was no retroperitoneal edema. In addition, a patchy 


pneumonia chiefly in the right lower lobe was noted. 


hypotensive phase, as reflected by the maximum 
hematocrit, as well as between the incidence of 
hypertension and the degree of renal failure as 
reflected by the maximum blood urea nitrogen 
value.* However, many individual exceptions to 
these correlations existed. Such variations are 
not surprising in a disease that has such protean 
manifestations and complications. Present knowl- 
edge does not permit assessment of the signifi- 


other consequences undoubtedly modify the 
pressor response in this phase of the disease. 
Relative Hypervolemia. During the oliguric 
phase, usually two to five days after the hemato- 
crit has decreased to normal following its maxi- 
mum in the hypotensive phase, a syndrome that 
has many of the characteristics of hypervolemia 
develops in some patients. Many patients de- 
velop for the first time or suffer a marked increase 
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in symptoms such as nausea and vomiting, 
mental confusion, restlessness and tremors. At 
times some patients become maniacal while in 
others convulsions may develop. On questioning, 
patients sometimes describe their feelings as 
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pearance of T-1824) is usually normal, cardiac 
output is normal or increased, and peripheral 
resistance usually is in the normal range.'* The 
development of an obvious cardiac thrust was 
observed in a number of these patients and some- 


TABLE I 
‘*HYPERVOLEMIC’” SYNDROME IN HEMORRHAGIC FEVER 
Hypotensive Phase Status at Onset Syndrome or at Time of Phlebotomy 
: Duration of Clinical * 
——_ Maxi Days | Days After Blood Hypertension Blood 
Shock sanyeannes of Hematocrit | HCT. Urea Phase at Time 
Hematocrit | tiiness | Decrease Nitrogen Syndrome Pressure 
Recognized 
134 
1 Moderate 54 8 3 45 142 Diuretic 8 hr. rr Distended veins, restless 
154 
2 0 53 8 3 38 65 Oliguric 13 hr. oo Confusion, mania 
R lsion hema- 
3 0 8 4 44 105 |Diuretic| 3 days 
1 60 
4 0 52 8 5 34 111 | Diuretic! 314 days 
160 Dis i com- 
5 0 58 8 2 47 126 | Diuretic] 234 days 
164 
6 Severe 66 8 2 40 136 Oliguria 144 days 130 Confused, hyperactive, epistaxis 
7t Moderate 61 11 5 41 247 | Diuretic} 4 dayst veins, confused, gross 
165 
8 0 49 10 3 38 94 Diuretic 6 days 110 Restless, tremors 
ES 150 Distended veins, restless, gross 
12T Moderate 52 9 3 44 142 Oliguric 3 days 110 hematuria 
160 Distended veins, 2 convulsions, 
11 5 36 165 Diuretic 5 days 120 gross hematuria 
160 Pulmonary edema, restless, gross 
A-40§ 0 56 9 1 46 125 |Oliguric| 234 dayst a hommetestin 
ane Distended veins, pulmonary 
A-41 0 49 6 49 Oliguric| 5 dayst 7 poms: hemoptysis, 
160 Dis i i 
A-43__| Severe 63 10 4 44 188  |Oliguric} 1 day > convulsions, 
196 
11 5 38 174. | Diuretic} 234 days = Distended veins, restless 
140 Distended veins, restless 
A-45 Moderate 8 3 38 146 Oliguric 1 dayt Ton ins, res 
144 i 
A-46 Severe 56 8 2 36 232 |Oliguric| 2 dayst veins, restless, 


* Only marked symptoms are listed. 
+ These patients appear in Table m under same numbers. 


t Hypertension and/or symptoms developed or were exaggerated during infusions ot hypertonic solutions. 
§ Patients designated ‘‘A” died and are listed under same numbers in Table vim of reterence 8. 


“too full in the head,” ‘tense inside,”’ and the 
like. Such symptoms are frequently associated 
with the appearance of hypertension. The veins 
of the hands and forearm may become dis- 
tended, even when the arm is held straight up in 
the air. Despite the distended veins venous 
pressure is not elevated, circulation time (ap- 
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times a gallop rhythm. Peripheral edema is 
absent, although acute pulmonary edema may 
develop at this time. Gross hematuria is not 


‘uncommonly associated with this syndrome and 


in a few instances hemoptysis of bright red 


blood occurred. 
This syndrome was thought to be a major or 


& 


698 


Physiologic Derangements in Hemorrhagic Fever—Earle 


TABLE II 
EFFECT OF PHLEBOTOMY ON ‘“SHYPERVOLEMIC’’ SYNDROME 


Effect of Phlebotomy * 


> Blood Pressure Hematuria f 
ays 
Patientf| of Duration Symptomatic Response § 
ee Before | After Before After 
1 8 + 10 min. Microscopic 0 None 
2 8 oA — Permanent 0 0 Excellent 
162 128 | Permanent (except for 2 hr. | 
3 8 100 34 imeveast) Gross 0 Excellent 
4 31 hr. Gross 1/H.P.F. | Good 
5 8 es = 516 hr. Microscopic 0 Good 
6 8 =. ~ 10 min. Microscopic | Microscopic | None 
1 160 110 |1 day (3 later transient in- ies 0 er 
7 110 “75 creases) 
8 10 5 114 hr. Microscopic 0 Fair 
110 110 . (24 hr.) | None 
1 1 
A-43 10 * 2 hr. Gross 0 Good (transient) 
1 150 
1 a = 2 hr. 0 0 None (died 5 days later) 
140 124 
A-45 8 100 oo 9 hr. 50/H.P.F. | 2/H.P.F. | None (died 9 hr. later) 
Summary of Effects of Phlebotomy 
(Thirteen Observations) 
Response 
Total 
None Fair ; Good | Excellent 


* 500-600 ml. in all patients except for 300 ml. in A-45. 
t See Table 1 for details of clinical status at time of phlebotomy. 


t H.P.F. = high power field. 


§ Excellent: immediate, rapid and permanent improvement of all symptoms; good: immediate, steady improve- 
ment in two or more major symptoms; fair: definite but slower or only transient improvement. 
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significant contributory cause of death in six of 
the forty-two fatalities analyzed.? Death in these 
instances could usually be directly attributed to 
the consequences of pulmonary hemorrhage 
and/or edema or to convulsions. The chief 
clinical features in fourteen patients thought to 


1707 
140- 
10- 


80- 
confused 
ond 

50 maniacal 


mentally alert, rapid improvement 
500 ml 
PHLEBOTOMY 


DAYS 53 4 


6 


BLOOD PRESSURE 


a 80-4 restless, tremors, symptoms 
fal “feels tense inside” comfortable have returned 
Oo “tension gone” 
23 NOTE: Similar effects in “cuff” tests in 5 of 7 patients 
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tended and evidence for congestive heart failure — 
is lacking, is at least in part a result of hyper- 
volemia. The occurrence of the syndrome shortly 
after sequestered plasma has returned to the 
vascular system, its precipitation by the admin- 
istration of excessive intravenous fluids (espe- 


cuffs applied cuffs released 
2 legs and 1 arm | 


170- 


140- 


‘MINUTES 0 4 8 12 60 


7 


Fic. 6. Effect of 500 ml. phlebotomy on symptoms and blood pressure—hypervolemic syndrome in hemorrhagic 


fever. 


Fic. 7. Effect of “bloodless” phlebotomy on symptoms and blood pressure—hypervolemic syndrome in hemorrhagic 


fever. 


have had the hypervolemic syndrome are listed 
in Table 1. In several instances the syndrome 
appeared to be precipitated or at least ag- 
gravated by the intravenous administration of 
fluid. 

One or more of the symptoms and signs de- 
scribed may occur in patients who have no 
evidence of hypervolemia. Some observers of 
hemorrhagic fever have suggested that the 
hyperdynamic circulatory features could be the 
result of hypermetabolism, asin hyperthyroidism. 
However, no abnormalities have ever been noted 
in the thyroid at autopsy and there is no clinical 
evidence other than rapid peripheral blood 
flow to suggest hyperthyroidism in this phase of 
hemorrhagic fever. Indeed, bradycardia rather 
than tachycardia is a common feature of the 
‘“‘hypervolemic”? syndrome. Further, many of 
these symptoms and signs are noted in patients 
with renal failure or “‘uremia’”’ due to conditions 
not ordinarily associated with hypervolemia. 
Impairment of blood flow in several vital organs 
probably could explain some of the individual 
symptoms and signs. Nevertheless, it is diff- 
cult to ignore the hypothesis that the full-blown 
syndrome, especially when the veins are dis- 
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cially when hypertonic), the characteristic 
mental and motor agitation in contrast to the 
usual lethargy and coma common in other 
‘“‘uremias,” and the beneficial effects of phlebot- 
omy all strengthen the suspicion that hyper- 
volemia merits serious consideration as a basic 
factor in this phase of the disease. 

The effects of phlebotomy in thirteen episodes 
thought to represent hypervolemia are sum- 
marized in Table u. The effects may be im- 
mediate, quite dramatic and sometimes perma- 
nent. Prior attempts to reduce blood pressure 
and relieve symptoms by spinal fluid drainage 
(spinal fluid pressure was sometimes increased), 
intravenous magnesium sulfate, digitalization 
and sedation were unsuccessful in several of these 
patients. 

An example of the effect of a 500 ml. phlebot- 
omy on the blood pressure is shown in Figure 6, 
while the effect of a ‘“‘bloodless phlebotomy,” 
achieved by inflation cuffs around three extremi- 
ties, is shown in Figure 7. The latter experiments, 
which were transiently effective in five of seven 
instances, suggest that phlebotomy exerted its 
action through a volume effect rather than by 
removal of some pressor substance. Phlebotomy 
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Fic. 8. Effect of 500 ml. phlebotomy on femoral arterial 


pressure tracing—hypervolemic syndrome in hemorrhagic 
fever. A, control, blood pressure 160/110 mm. Hg; B, dur- 
ing phlebotomy, blood pressure 130/90 mm. Hg; C, ten 
minutes after phlebotomy, blood pressure 110/75 mm. Hg. 
Note persistence of abnormal form of pressure curve (rapid 
decrease pressure during diastole, absent dicrotic notch) 
despite marked decrease in both systolic and diastolic 


pressures. 


of the magnitude used in these studies has little or 
no effect on blood pressure in normal subjects or 
in patients with essential hypertension. 
Phlebotomy reduced to normal the cardiac 
output in two of three patients with the hyper- 
volemic syndrome and hypotension. (Table m1.) 
A phlebotomy in the third patient, who had had 
a previous phlebotomy one and one-half days 


earlier, produced no change in a normal cardiac 
output. 

The effect of a phlebotomy on the femoral 
arterial pressure tracing (patient 7 of Table m1) 
is shown in Figure 8. Note the abnormal form of 
the pressure curve, i.e., rapid fall of pressure 
during diastole with no dicrotic notch. This 
rapid “‘run-off’’ persisted after the pressure fell to 


TABLE II 
EFFECT OF PHLEBOTOMY ON HEMODYNAMICS DURING ‘‘HYPERVOLEMIC’’ SYNDROME IN HEMORRHAGIC FEVER 
Mean Arterial : Peripheral T-1824 
Patient Period an — Pressure ee I ndex Resistance Circulation Time 
mm. Fie (mm Hg) (L. /min.) (Units) (Secs.) 
7 Control 60 120 6.8 7.0 10 
Phlebotomy 78 99 3.7 14.0 10 
12 Control 40 124 3.0 24.0 12 
Phlebotomy 28 118 2.9 24.7 10 
Control 110 3.8 28.9 
Phlebotomy es 90 2.8 32.1 
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a normal value following phlebotomy. Such 
tracings suggest that the blood is circulating in a 
relatively rigid vascular system. 

Although the plasma which was lost through 
damaged capillaries during the hypotensive 
phase has now returned to the vascular system, 
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regions. Reduction of renal blood flow at these 
times has been demonstrated even in the absence 
of shock or hypotension,'* while clinical symp- 
toms suggest that blood flow in organs such as 
the stomach and perhaps the brain is also 
decreased. 


SHOCK RECOVERY 


40 
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Fic. 9. Relation between blood volume and available vascular space, a possible 
explanation for “‘relative hypervolemia” in hemorrhagic fever. 


circulating blood volume is not greater than 
normal and, indeed, may be low normal or even 
less than normal.'* A moderate reduction in 
circulating red blood cell mass is quite common 
at this stage of the disease among patients who 
have suffered a severe hypotensive phase. 
How, then, is it possible for the hypervolemic 
syndrome to occur at a time when circulating 
blood volume is normal or reduced? This ques- 
tion caused considerable concern during the 
first few phlebotomies. Nevertheless, it appears 
possible to develop an hypothesis that could 
account for a “‘relative hypervolemia”’ in hemor- 
rhagic fever, even though effective circulating 
blood volume is decreased. Such an explanation 
is illustrated in Figure 9 and requires three cir- 
cumstances: loss of plasma from and then return 
to the vascular system; persistent pooling or 
trapping of erythrocytes away from effective 
circulation; and a reduction of ‘“‘available 
vascular space”’ that persists after the return of 
sequestered plasma to the vascular system. 
The first two circumstances have been discussed 
in preceding sections and appear to be supported 
by adequate evidence. That available vascular 
space is reduced during the hypotensive, oliguric 
and early diuretic phases of hemorrhagic fever 
is suggested by several considerations. Dilated 
and congested small blood vessels persist through- 
out these phases of the disease in the renal 
medulla, stomach and other areas.!7~2° The 
histologic appearance of the small blood vessels 
suggests that little blood could flow in these 
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An increase in hematocrit to 55 per cent is not 
uncommon during the hypotensive phase of 
hemorrhagic fever. It can be calculated that 
such an increase in a patient whose normal 
blood volume is 5.5 L. but who has lost or 
trapped off from the circulation 500 ml. 
erythrocytes, indicates a 40 per cent reduction 
in circulating blood volume. The rapid loss of 
this volume in a patient whose arterioles are 
dilated night be expected to produce shock. 
However, patients with hemorrhagic fever may 
have hematocrits as high as 55 or even 60 per 
cent with no evidence of shock.* This too might 
be explained on the basis of a concomitant 
reduction in available vascular space. 

The last column in Figure 9 illustrates a possi- 
ble explanation for continued (‘‘transition’’) 
shock which has been observed in a few very 
severely ill patients even after the sequestered 
plasma has returned to the vascular system and 
even though the available vascular space might 
still be reduced. This requires either the loss or 
trapping of large numbers of red blood cells, a 
phenomenon that has probably occurred in a 
few patients. (Fig. 4.) 

The relation of pulmonary edema to the 
hypervolemic syndrome is not clear although the 
two are frequently associated. It is difficult to 
explain a direct relationship unless a consider- 
able portion of the pulmonary vascular bed is 
not available to the circulating blood volume, 
thus diverting excess blood to uninvolved areas 
of the lungs. This situation probably existed in 
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some of the patients with extensive pulmonary 
infection or intra-alveolar hemorrhages. How- 
ever, other circumstances exist in the severely ill 
hemorrhagic fever patient which have been 
advanced as causes of pulmonary edema in other 
conditions. These include central nervous system 
lesions?® and potassium deficiency especially 
when extra sodium is administered. *°® 


DIURETIC PHASE 


Diuresis may begin abruptly, usually after 
three to five days of oliguria, but sometimes may 
develop in patients who have had a relatively 
mild illness without oliguria.'\*:7:'4 The diuresis 
is not a reflection of mobilization of the edema 
fluid of the earlier hypotensive phase since it 
usually begins several days after resorption of 
the edema fluid. As shown in Figure 1, retro- 
peritoneal edema was noted in only one of the 
thirteen patients who died in the diuretic phase. 
Further, diuresis is frequently initiated at a time 
when patients are moderately or severely de- 
hydrated. Presumably, residual damage to the 
renal tubules accounts for the diuresis, although 
the mechanism for its initiation is not clear. In 
any event, diuresis has been observed to take 
place while the renal blood flow and glomerular 
filtration rate were greatly reduced.'* The 
specific gravity of the urine is 1.010 or less during 
early diuresis. Pitressin and fluid restriction have 
little or no effect on the diuresis. 

As diuresis develops the majority of patients 
begin to improve rapidly, eat more and regain 
weight. Blood urea nitrogen usually continues to 
increase during the first few days of diuresis but 
then rapidly returns to normal as renal function 
improves, although renal concentrating ability 
may remain impaired for many weeks, oc- 
casionally for months. However, the onset of a 
considerable diuresis in patients who are already 
severely dehydrated and whose caloric intake 
has been greatly limited for seven to ten days can 
contribute to further serious fluid and electrolyte 
imbalances. Thirteen of the forty-two deaths 
analyzed® occurred in the diuretic phase. Nine 
of these patients died in late shock, which in 
most instances could be attributed in whole or 
in part to dehydration and electrolyte abnormali- 
ties. Such late, or secondary, shock again precipi- 
tates oliguria or anuria, and if sufficiently 
prolonged or repeated will lead to renewed 
renal failure and a reversal of the downward 
trend of the blood urea nitrogen. Other com- 
plications, particularly pulmonary infections, 


were common in the diuretic phase and fre- 
quently contributed to death. 

Maintenance of proper fluid balance may be 
extremely difficult during the diuretic phase. 
Urinary output is frequently in the range of 
3 to 6 L. daily and occasionally reaches 8 L. 
daily. If output is allowed to exceed intake for 
even short periods of time, loss of fluid from the 
vascular space may be sufficient to produce 
shock. Conversely, if intake exceeds output, 
hypertension, pulmonary edema and the hyper- 
volemic syndrome may be precipitated with fatal 
results. An example of these phenomena in a 
patient with hemorrhagic fever is given in Figure 
10. The net balance of fluid over a few hours 
that represented the difference between shock 
and pulmonary edema has been observed in a 
few other patients to be as small as 200 to 500 ml. 
A secondary rise in hematocrit, associated 
with an increase in total serum protein, reflects 
serious dehydration. In such instances diurnal 
variations in hematocrit and total serum protein 
values can be observed. The patients are able to 
drink enough fluids during the day to keep pace 
with or exceed the urinary output, and by even- 
ing may have a normal hematocrit. At night, 
however, the diuresis persists while fluid intake 
is usually reduced. As a result the early morning 
hematocrit may exceed the evening value by 
five to ten points. The difficulty in regulating 
fluid balance, together with several other factors 
which developed in earlier phases of the disease 
but which persist into the diuretic period, col- 
lectively suggest the term “‘limited homeostasis.”’ 
The factors involved are as follows: (1) Effec- 
tive circulating blood volume may occasionally 
still be reduced '* by virtue of continued trapping 
of erythrocytes or prior hemorrhages, along with 
dehydration. (2) Available vascular space 
may still be reduced since histologic preparations 
indicate that dilated and congested small blood 
vessels are still present in patients who died in the 
diuretic phase.'*~?° Blood flow to the kidneys is 
still reduced,'* as it probably is in other organs 
as well. (3) Patients who have had a moderately 
severe or severe course are considerably de- 
hydrated by the end of the oliguric phase. Some 
have lost as much as 20 pounds by this time. 
The extracellular fluid space, therefore, is 
probably greatly reduced. (4) The severely 
ill patient continues to have nausea and vomiting 
despite the onset of diuresis. Not only does this 
contribute to further fluid and electrolyte 
abnormalities but requires that all fluids and 
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calories be given intravenously. Too rapid 
administration of fluid will soon tax the capacity 
of the reduced vascular space and may produce 
or exaggerate hypertension, the hypervolemic 
syndrome and perhaps pulmonary edema. 

Thus despite a subnormal circulating blood 


793 


This serious fluid volume problem is fre- 
quently complicated by a wide variety of 
electrolyte abnormalities.'? Hyperkalemia may 
continue to be a problem in the early diuretic 
phase, or at any time when further episodes of 
shock precipitate oliguria and renewed renal 
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BLOOD PRESSURE 


3000 - (J fluid IN during period 
0 YA urine OUT during period 
2000-4 
2 PULMONARY 
EDEMA 
2 | 
TIME IN HOURS 11 15 30 35 37 
IN: TOTAL FLUID + 5660 ml 
OUT: Urine — 4930 ml 
SUMMARY OF Vomitus — 570 ml 
FLUID. BALANCE TOTAL — 5500 ml 
FOR 37 HOURS GROSS BALANCE + 160 mi 
INSENSIBLE LOSS — 750 ml 
NET BALANCE — 590 mi 


Fic. 10. Example of limited homeostasis during diuretic phase of hemorrhagic fever. Observations made on four- 
teenth and fifteenth day of illness. Death oacurred on sixteenth day, twenty hours after study. Patient was very 
dehydrated at start of observations having been in negative fluid balance for many days. Note response of shock 
and blood pressure to increased fluids between eleventh and fifteenth hours. Also note decrease in blood pressure 
between thirtieth and thirty-fifth hours when output was allowed to exceed intake. Pulmonary edema occurred in 
last period when intravenous fluids were increased even though net balance was just barely positive during this time. 
(Note: Right-hand column, bottom line in 30-35 hour box should be cross-hatched.) 


volume the reduced available vascular space 
limits the positive fluid balance that may be 
achieved over any given period of time by 
intravenous fluids. On the other hand, a nega- 
tive fluid balance will soon result in a further 
decrease in blood volume, hypotension and 
shock, since the interstitial fluid volume is so 
greatly reduced that ineffective amounts of 
water can be shifted into the vascular system 
to meet the emergency. It is therefore essential 
that the considerable diuresis be matched by 
intravenous fluids. 


MAY, 1954 


failure. However, a deficit in total body potas- 
sium is much more common in the late diuretic 
phase, especially in patients who have had con- 
siderable vomiting.'* Such potassium deficiency 
is sometimes associated with hypokalemia and 
symptoms. 

Hyponatremia and a considerable deficit in 
total body stores of sodium may occur in patients 
who excrete large amounts of salt in the diuretic 
urine of the late recovery phase. However, 
hypernatremia can be produced easily by 
overenthusiastic administration of saline solu- 


| 
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tions, although this phenomenon has also been 
noted in patients who have had no salt intake for 


days. 
CONVALESCENCE 


Although convalescence may be prolonged, 
permanent organic or functional residua have 
been very rare even among the most severely 
ill patients.”.*3! Permanent neurologic defects 
have been reported in patients who have presum- 
ably suffered hemorrhages into the central 
nervous system during the early phases of the 
disease. Despite the impressive pathologic 
changes in the right auricle, anterior pituitary 
and adrenals, no evidence of impaired function 
of these organs has been observed among re- 
covered patients. Kidney function, at least 
as measured by simple clinical tests, is also 
normal at the end of the convalescent period in 
all but a handful of patients who still were 
unable to concentrate urine normally more than 
100 days after onset of illness. 


MANAGEMENT 


Several antibiotics and sulfonamides have 
been tried in the early stages of hemorrhagic 
fever without any obvious beneficial effects. 
Convalescent serum and whole blood likewise 
have been disappointing, although these agents 
probably have not yet had a fair trial since 
administration was usually begun in the hypo- 
tensive phase after vascular damage was already 
evident Recent studies*? suggest that cortisone, 
begun within seventy-two hours of onset of 
symptoms, may have an ameliorating effect on 
fever and general symptoms, and perhaps on the 
degree of proteinuria and nitrogen retention. 
However, some cortisone patients died and 
many others exhibited all the usual manifesta- 
tions of hemorrhagic fever. At present, therefore, 
the treatment of hemorrhagic fever is supportive 
in nature. The abnormalities that develop in the 
course of hemorrhagic fever are so varied and 
extensive that the management of each patient 
requires a careful evaluation of all clinical and 
laboratory manifestations in terms of the under- 
lying disturbances in physiology. 

Many of the technics of management to be 
outlined here have been described in other 
reports.””:?%?7 The present consideration makes 
no effort to give complete details for the manage- 
ment of hemorrhagic fever. Rather, it is an 
attempt to present the rationale, based on avail- 

able knowledge of the disease, for the technics 
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used in the treatment of patients at the Hemor- 
rhagic Fever Center during the fall of 1952. 

Early hospitalization, before the periods of 
expected hypotension and hemorrhagic phenom- 
ena, is important. This requires that patients be 
evacuated to the hospital as soon as the diagnosis 
is suspected for the disease can rarely be 
definitely diagnosed before the third or fourth 
day of illness. Transportation to the hospital 
should be as rapid and non-traumatic as possi- 
ble. From the onset of illness patients should be 
protected from physical trauma of even the 
mildest sort. During the recent outbreak in 
Korea, helicopters afforded rapid and non- 
traumatic evacuation. 

Good nursing care is an essential part of the 
treatment. Since medical management is based 
on the course of signs, symptoms and laboratory 
findings, frequent observation of the patient by 
nurses and attendants, as well as by medical 
personnel, is recommended. Special emphasis 
should be placed on the need for frequent, ac- 
curate and prompt recording of fluid intake 
and output (including urine and vomitus), 
temperature, pulse rate, blood pressure and all 
new signs or symptoms. 

Sedation. Mild sedation with barbiturates 
and occasionally with meperidine hydrochloride 
for pain, discomfort or restlessness may be 
required in some patients during the febrile 
phase. During the hypotensive phase continued 
but cautious sedation may be required, espe- 
cially when nausea and vomiting are prominent 
features. Meperidine hydrochloride is usually 
satisfactory. Repeated intravenous doses of 10 
mg. may be more effective than larger doses by 
other routes, and moreover make overdosage less 
likely when shock is present. Increased require- 
ments for sedation are characteristic of the late 
oliguric and early diuretic phases of hemorrhagic 
fever, especially when hypertension is present. 
Apprehension, mental confusion and agitation 
rapidly increase in severity, at times requiring 
restraint. Convulsions may occur at this time. 
Retching and vomiting may become almost 
constant. Since all these factors increase the 
hemorrhagic phenomena, adequate sedation is 
essential. 

Diet. In general, a low salt, high carbo- 
hydrate diet is recommended until diuresis is 
well established and convalescence definite. 
During the early phases of the disease a liquid 
diet is tolerated better than others, and lends 
itself most readily to accurate fluid intake 
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records. Potassium-containing foods including 
citrus fruit juices should be avoided during the 
oliguric phase. However, nausea and vomiting 
often preclude any oral intake and necessitate 
intravenous carbohydrate administration. Pro- 
gressive change from liquid to soft diets is indi- 
cated during convalescence as gastrointestinal 
function improves. Frequent small feedings may 
be required at first in patients who have been 
severely ill. 

Fluid Balance. It appears wise to maintain the 
patient in as normal water balance as is possible 
throughout the course of the illness; but if any 
error is made, it should be in the direction of 
dehydration. Despite a febrile course of several 
days, and even extreme thirst, the temptation 
to allow the patient to drink large quantities 
of fluid must be strenuously resisted. Over- 
hydration during the febrile and hypotensive 
phases leads to increase of symptoms such as 
backache, abdominal distress, nausea and the 
like.% 1819.22.28 Tn addition, overhydration in- 
creases the amount of edema in the bulbar, 
retroperitoneal and other areas involved in the 
capillary leakage characteristic of the hypo- 
tensive phase. Finally, excess fluid administered 
at this time increases the load put on the cardio- 
vascular system in the oliguric phase when the 
plasma lost through damaged capillaries re- 
turns to the vascular system. | 

The most practical approach appears to be 
that of giving the patient as much fluid as he 
loses in the urine and vomitus, assuming in- 
sensible loss to be 700 ml. daily, and probably 
giving at least 1,000 ml. fluid daily. If over- 
hydration is present on admission, less fluid 
should be administered. If intravenous fluid is 
required, it should be given very slowly in the 
form of 5 per cent dextrose in water. Evidence 
is accumulating that administration of the 
required fluid containing larger amounts of 
dextrose may be given by constant intravenous 
infusion through a polyethylene catheter placed 
in a large vein. But rapid administration of 
hypertonic fluids is to be strictly avoided, espe- 
cially in the oliguric and early diuretic phases. 

Once diuresis is established, great attention 
must be paid to water balance. Since in many 
patients interstitial fluid and effective blood 
volumes are low at this time, and since diuresis 
may amount to 3 to 8 L. daily, hypotension 
and shock can easily be produced if intake is 
inadequate. Nausea, vomiting or poor gastro- 
intestinal absorption may still be present so that 
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intravenous fluids are frequently required. 
The fluid may be isotonic (5 per cent dextrose 
in water) if the total serum protein level is 
normal, or hypotonic if the protein level is high. 
However, an excess of fluids given intravenously 
produces hypertension, pulmonary edema and 
the hypervolemic syndrome. In patients who 
have been severely ill with hemorrhagic fever, 
the difference between dehydration and shock 
as opposed to hypervolemia and edema may be 
only 200 ml. Careful and critical quantitative 
control of water balance is therefore essential 
in all but the mildest cases in the diuretic phase. 
Fluid regulation is greatly simplified if an in- 
dwelling catheter is placed in the bladder. Fre- 
quent checks on intake and output are required, 
sometimes at half-hour intervals in the severely 
ill patient. 

Even patients with a daily water exchange of 
only 3 to 4 L. may show marked swings in 
hematocrit depending on the water balance of 
the preceding six to ten hours. Discharge from 
observation, therefore, is unwise until adequate 
renal concentrating ability has returned. 

If hypodermoclyses are used in the diuretic 
phase, the fluids must be hypotonic, for 5 per 
cent dextrose in water is hypertonic to inter- 
stitial fluid and will withdraw fluid from the 
patient’s own limited stores. 

Electrolyte Abnormalities. Potassium: Hyper- 
kalemia of some degree is common during the 
late oliguric and early diuretic phase’? but 
usually requires no therapy. In some instances, 
however it may become a serious problem. When 
present to a serious degree, hyperkalemia is 
difficult to treat. Large amounts of glucose 
intravenously are contraindicated in early 
recovery, and the effect of insulin is transient. 
Nevertheless, 5 per cent dextrose in water and 
insulin by intravenous drip is useful. Cation 
exchange resins can be given by rectum to 
remove potassium but in the dehydrated patient 
great care must be taken to remove the resin 
after a few hours to avoid an inspissated mass 
that can cause bowel obstruction. The artificial 
kidney is only rarely indicated, and even then 
should be used with great caution in view of the 
wide variety of abnormalities present in the 
severely ill hemorrhagic fever patient. During 
the diuretic phase the potassium balance soon 
becomes negative since oral intake of food gen- 
erally has been nil and since potassium is being 
lost in the vomitus and also in urine as soon as 
diuresis is established. Moderate hypokalemia 
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may develop but symptoms of potassium deficit 
such as weakness and atonia of the intestinal 
tract may arise when the plasma potassium is 
normal or even slightly increased.!? The latter 
situation occurs occasionally in very dehydrated 
patients whose serum protein level is increased. 
The symptoms of hypokalemia respond readily 
to administration of potassium. 

Sodium: Hyponatremia is common during the 
hypotensive and oliguric phases, and at times 
may be extreme.!? However, much of the hypo- 
natremia appears to be the result of internal 
redistribution and will not respond readily to 
salt administration. In other instances, however, 
large amounts of sodium may be lost in the urine 
once diuresis is well established. Physiologic 
saline infusions are indicated in this circumstance 
but must be given with caution for excess saline 
can easily produce a marked and serious hyper- 
natremia in these patients. 

Hypotension and Shock. Hypotension does not 
develop in every patient with hemorrhagic fever 
and when present frequently requires no anti- 
shock measures. However, blood pressure and 
pulse rate should be measured at least every two 
hours toward the end of the febrile phase. When 
the systolic blood pressure is decreasing and 
approaches 100 mm. Hg and the pulse increases 
to more than 100 beats per minute, measure- 
ments should be made more frequently and the 
patient observed closely for other signs of shock. 
The hematocrit should be measured two or three 
times daily toward the end of the febrile phase 
and throughout the hypotensive phase in the 
severely ill patient. 

Shock may develop even though the extremi- 
ties remain warm and dry.: Mild shock often 
responds to simple measures such as the Trendel- 
enburg position and elastic bandages applied to 
the lower extremities. However, shock is some- 
times severe enough to require prompt and 
active treatment and has been one of the frequent 
causes of death in hemorrhagic fever. 

When reduction in plasma volume is excessive, 
as indicated by severe hypotension, clinical 
shock and a hematocrit greater than 55, con- 
centrated human salt-poor albumin appears to 
be the logical therapy. Its effect, however, may 
be transient when capillary leakage is severe. 
Usually one to two units are given at one time 
and followed by subsequent similar doses as 
indicated. Care should be taken not to admin- 
ister serum albumin after the hematocrit has 
definitely begun to decrease, indicating that the 


sequestered plasma is now returning to the 
vascular system. When more than six units of 
albumin have been required to treat shock, 
eventual recovery has been rare. Excessive 
administration during the hypotensive phase 
leads to a greater load on the vascular system 
after the capillary leakage has been repaired 
and the plasma has been reabsorbed. Blood 
transfusions are contraindicated during the 
hypotensive phase when the hematocrit is 
increased. 

When shock is evident in the hypotensive 
phase of hemorrhagic fever without a consider- 
able increase in the hematocrit, early use of a 
continuous intravenous drip of L-arterenol 
is indicated. The details of the use of L-arterenol 
in hemorrhagic fever have been presented 
elsewhere. 

Occasionally in severely ill patients shock per- 
sists after a decrease in hematocrit indicates 
return of sequestered plasma to the vascular 
system. Sometimes this is due to continued 
arteriolar dysfunction which can be treated with 
L-arterenol. On other occasions shock during 
this transition period may be the result, at least 
in part, of decreased circulating red blood cell 
volume produced by trapping of erthyrocytes 
in dilated capillaries, by hemorrhage or by 
both. This circumstance is suggested by a con- 
tinued decrease in hematocrit to well below nor- 
mal values in obviously dehydrated patients. 
Blood transfusions are indicated under these 
conditions. 

Shock may also occur later in the oliguric and 
diuretic phases and may be secondary to severe 
pulmonary infection or to dehydration often 
associated with electrolyte abnormalities (vide 
supra). Continuous L-arterenol infusion may 
again be helpful but therapy directed toward 
correction of the precipitating factors is the 
logical approach. 

Relative’? Hypervolemia. Phlebotomy may be 
indicated during the late oliguric phase if evi- 
dence for the syndrome of “relative”? hyper- 
volemia develops. Established hypertension, 
distended veins, rapid circulation, increased 
cardiac thrust, gallop rhythm, pulmonary 
hemorrhage or edema, increased restlessness, 
mental confusion and convulsions are all factors 
to be considered carefully in arriving at a deci- 
sion to perform phlebotomy. Phlebotomy is not 
always effective, or may sometimes produce 
only a transient effect. However, it may at times 
result in striking benefits. Some indication of 
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the effectiveness of phlebotomy in any given 
instance may be gained from a ‘“‘bloodless”’ 
phlebotomy. Blood pressure cuffs are placed 
around both thighs and one arm and then in- 
flated to a pressure approximately 10 mm. Hg 
below the diastolic pressure measured in the 
other arm. Careful note is made of changes in 
symptomatology and blood pressure. If phlebot- 
omy is decided upon, it should be performed 
slowly. Should more than one 500 ml. phlebot- 
omy be required the blood may be saved in 
order that the cells, washed with saline, can 
be returned to the patient several days later. 
The hypervolemic syndrome may be present 
when diuresis begins; under such circumstances 
merely allowing urinary output to exceed fluid 
intake sometimes effects adequate control. 

Considerable clinical judgment is required 
during this period. Patients who run a severe 
course with nausea and vomiting need con- 
tinuous intravenous infusions to combat de- 
hydration and maintain some carbohydrate 
intake. Thus as soon as hypervolemia is not a 
serious problem cautious administration of fluid 
under close supervision is indicated. Five per 
cent dextrose in water is preferable for this pur- 
pose in most instances. Hypertonic fluids and 
saline should be strictly avoided at this time 
because of their penchant for producing or 
aggravating hypertension and hypervolemia, 
unless it can be demonstrated that large amounts 
of salt are being lost in the urine. 


DISCUSSION AND SUMMARY 


Hemorrhagic fever may be divided into several 
phases each with its own characteristic features: 
the febrile, hypotensive, oliguric, diuretic and 
convalescent. Deaths occur with approximately 
equal frequency in the hypotensive, oliguric and 
diuretic phases. 

So many physiologic processes can be dis- 
turbed to such variable degrees in hemorrhagic 
fever, and such a wide variety of complications 
may arise, that it is difficult to find two patients 
whose clinical courses are exactly alike. The 
management of each patient therefore requires 
careful evaluation and interpretation of each of 
his manifestations of hemorrhagic fever. 

Widespread abnormalities of small blood 
vessels appear to be the chief characteristics of 
the early phases of hemorrhagic fever and set the 
stage for subsequent developments. Physiologic 
and clinical observations suggest that arteriolar 
dilatation occurs during the febrile and hypo- 
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tensive phase. There is also incontrovertible 
evidence that protein-rich plasma is lost through 
damaged capillaries and that erythrocytes 
are pooled and trapped in dilated capillaries. 
These processes not only can produce shock if 
they are extensive enough but they also impair 
circulation in certain organs and areas, even in 
the absence of hypotension or shock. Hemor- 
rhagic manifestations are capillary in origin 
and are associated with thrombocytopenia. 
Plasma loss and arteriolar dysfunction, however, 
are self-limited in duration and, for unknown 
reasons, the sequestered plasma rather abruptly 
returns to the vascular system and active cir- 
culation. Despite this, the subsequent course of 
hemorrhagic fever may be quite stormy, for 
several features that developed in the hypo- 
tensive phase may persist into the later stages. 
Capillaries in affected organs remain dilated 
and congested with erythrocytes, which probably 
prolongs the impaired blood flow and functions 
of these organs. 

In the oliguric phase, impaired renal function, 
oliguria and electrolyte abnormalities dominate; 
in addition, in certain patients hypertension 
develops and some exhibit a hypervolemic 
syndrome. The latter may occur even though 
the circulating blood volume may be less than 
normal and should therefore be termed ‘“‘rela- 
tive hypervolemia.’? Continued trapping of 
erythrocytes in dilated capillaries, along with 
dehydration not only is responsible for the re- 
duced circulating blood volume but also for a 
reduction in blood flow to various organs and for 
a contraction of available vascular space, which 
together furnish the basis for the development 
of relative hypervolemia. 

Although diuresis heralds the beginning of 
convalescence in the majority of patients, a daily 
urinary output of 3 to 8 L. in patients who 
have had a stormy course and are already de- 
hydrated contributes to further serious fluid and 
electrolyte imbalances. If the fluid output ex- 
ceeds intake for very long, shock soon develops 
since the grossly contracted interstitial fluid 
space is unable to buffer the drain of fluid vol- 
ume from the vascular system. Conversely, if 
fluid intake exceeds output, hypertension, 
pulmonary edema and the hypervolemic syn- 
drome may result. The patients in this stage 
appear to be in a state that might be termed 
‘‘Jimited homeostasis.” 

Convalescence may be prolonged but re- 
covery is generally complete in the survivors. 
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In the absence of specific therapy, manage- 
ment of the varied and serious clinical manifesta- 
tions of hemorrhagic fever must be based on an 
understanding of the physiologic disturbances. 
When loss of plasma from the vascular system 
and arteriolar dysfunction produce shock which 
does not respond to simple measures, concen- 
trated human serum albumin and continuous 
intravenous administration of pressor drugs are 
the most effective therapy. Excessive administra- 
tion of fluid must be avoided during the febrile 
and hypotensive phases since the added fluid 
simply leaks out of the damaged capillaries and 
thus increases edema and symptoms. Adequate 
sedation and avoidance of trauma, retching and 
coughing may minimize the hemorrhagic mani- 
festations which are common in the febrile and 
hypotensive phases. The most important prob- 
lems of the oliguric and diuretic phases are 
concerned with fluid and electrolyte abnormali- 
ties of various sorts. Careful laboratory studies 
are required for their proper management. 
Phlebotomy is indicated for the hypervolemic 
syndrome, especially when associated with 
convulsions or marked mental agitation. Careful 
adjustment of fluid intake to urinary output is 
important during the early diuretic period. 

The outline of physiologic disturbances here 
presented is not intended to be a complete 
consideration of all aspects of the disease. For 
instance, gross and microscopic examination of 
the anterior pituitary and adrenal glands from 
fatal cases reveals considerable damage.!’—?° 
Although eosinophil counts and_ ketosteroid 
excretions”® suggest that functional impairment 
can occur, these findings are difficult to interpret. 
Further, the fact that certain aspects of the 
gross disturbances in physiology have been 
stressed does not imply that other more subtle or 
as yet undetermined factors are not equally 
important. A variety of nervous, humoral and 
metabolic abnormalities undoubtedly contributes 
to, or play important roles in, the pathogenesis 
of the clinical manifestations of hemorrhagic 
fever. 

Although many of the clinical manifestations 
of hemorrhagic fever may be explained in 
sequential physiologic terms, the factors responsi- 
ble for the vascular abnormalities which directly 
or indirectly produce these manifestations are 
not known. There are many unanswered prob- 
lems. Does the etiologic agent or some toxin 
produced by it attack both arterioles and capil- 
laries, or are changes in the capillaries second- 


Physiologic Derangements in Hemorrhagic Fever—Earle 


ary to arteriolar dysfunction? Why the peculiar 
distribution of vascular abnormalities (renal 
medulla, anterior pituitary, adrenals, right 
auricle, lymph nodes, stomach, certain areas of 
the skin, retroperitoneal space)? What causes 
the thrombocytopenia? What is the reason for 
the rather rapid return of plasma to the vascular 
system that marks the end of the hypotensive 
phase? What role, if any, in the clinical course is 
played by the extensive lesion of the arterior 
pituitary gland? What are the factors responsible 
for the hypertension frequently noted in the late 
oliguric or early diuretic phase? 

The over-all course of hemorrhagic fever and 
the evidence of widespread involvement of small 
blood vessels are quite suggestive of a rickettsial 
disease. In many respects hemorrhagic fever is 
similar to Rocky Mountain spotted fever al- 
though the progression of the manifestations is 
much more rapid and complex in hemorrhagic 
fever. Similarities to scrub typhus and lepto- 
spirosis are also apparent. Many of the individual 
manifestations of hemorrhagic fever similarly 
have their counterparts in other diseases. Thus 
the problem of plasma loss is not entirely 
unrelated to that seen in burns or peritonitis. 
The hemorrhagic manifestations are quite 
similar to those of the thrombocytopenic 
purpuras and radiation sickness. Although ap- 
parently unique in pathologic findings the 
clinical features of the renal aspects of hemor- 
rhagic fever are those of any other acute renal 
failure. The hypervolemic syndrome observed 
in hemorrhagic fever has many features which 
have been described in normal subjects given 
repeated doses of serum albumin,** and in pa- 
tients with renal failure given excessive fluid, ** *® 
acute glomerulonephritis*’ and perhaps in 
several other situations. The occurrence of 
apparent hypervolemia in the presence of a 
reduced or low normal blood volume requires 
the concept of “relative hypervolemia.”’ The 
‘‘Jimited homeostasis” of the diuretic phase is 
not unlike that seen in infants suffering from 
diseases that produce fluid and electrolyte 
deficiencies. Taken as a whole, however, hemor- 
rhagic fever appears to be unique in its startling 
morphologic organ damage, in its wide variety 
of physiologic and biochemical abnormalities 
and in its rapid development of a confusing array 
of clinical manifestations. 
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hepatitis have been published during re- 
cent years.®*:6.7 Few major advances 
have resulted since the publication of these re- 
views in spite of continued intensive studies of 
various aspects of the disease. The main obstacle 
to further progress continues to be the failure to 
find an animal host, other than man, which con- 
sistently shows signs, symptoms, lesions or 
specific serologic reactions pathogenic of infec- 
tion with the hepatitis viruses. Various workers 
have provided evidence of propagation in the 
fertile hen-egg!:? but proof of this has been ob- 
tained only by testing of the egg material in man 
and other investigators have been unable to 
confirm these results. Likewise, favorable re- 
sults with a skin test, employing ultraviolet 
irradiated infected egg amniotic fluid as an 
antigen, have been obtained.* However, con- 
sistent production of satisfactory lots of antigen 
has not been possible, there is no method for 
standardization or assay of antigen except by 
human tests and others have been unable to 
confirm the observed results to date. Another 
skin test antigen‘ prepared from infected mouse 
spleen has been reported to give encouraging 
results but likewise has not been confirmed. 
Finally, all efforts to develop specific serologic 
tests have met with failure. Thus most of the 
advances concerning the etiologic agents has 
been the result of investigations carried out in 
human volunteers during the past fifteen years 
supplemented by extensive epidemiologic and 
clinical studies before and during the same 
period. During the past few years some of the 
concepts regarding viral hepatitis have been fur- 
ther confirmed, extended or revised. The objec- 
tive of the present report is to consider these 
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aspects rather than to review the subject of viral 
hepatitis as a whole. 


ETIOLOGY 


The term “viral hepatitis” will be used for 
reference to those forms of hepatitis that are 
caused by two or more hepatotropic, filterable, 
infectious agents, not yet identifiable by specific 
serologic or cultural methods, which produce a 
systemic disease in which a characteristic type 
of liver injury is the outstanding result of human 
infection. As such, the syndrome of “viral 
hepatitis” includes infectious or infective hepa- 
titis, “‘catarrhal’’ jaundice, epidemic hepatitis 
or jaundice, homologous serum hepatitis or 
jaundice, post-transfusion hepatitis, post-vac- 
cinal hepatitis and post-inoculation or syringe 
hepatitis. 

The etiologic agents responsible for the syn- 
dromes of hepatitis under consideration have 
many properties that justify their tentative 
classification as A variety of 
observations indicate that hepatitis viruses 
possess a high degree of resistance to many 
agents or conditions that inhibit or destroy most 
other infectious agents. 

Epidemiologic and_ studies 
in human volunteers provide*™*:®:” strong evi- 
dence that at least two agents are concerned. 
The exact relationship between these two 
viruses, whether different viruses or different 
strains of the same virus, remains to be deter- 
mined. For purposes of reference, the broad 
terms “‘virus [H”’ and “‘virus SH”’ are suggested 
as a tentative aid in avoiding confusion resulting 
from the lack of specific methods for identifi- 
cation of the viruses concerned. As “virus IH” 
and “virus SH”’ each may include one or more 


* From the Department of Medicine and Pepper Laboratory of Clinical Medicine, Medical School and Hospital of 
the University of Pennsylvania, Philadelphia, Pa. 
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strains with similar properties, these terms are 
considered by the author preferable to the more 
specific and singular implication suggested by 
the terms “virus A” and ‘“‘virus B”?*:!° which 
have been subsequently suggested by others for 
reference to “virus and “virus re- 
spectively. For the same reason, when char- 
acteristic epidemiologic or human volunteers’ 
data are not available concerning one of the 
hepatitis agents, as often is the case in clinical 
practice, the broad term of “‘viral hepatitis” 
appears preferable. 

‘Virus (virus A) has been identified 
primarily with the clinical and epidemiologic 
syndrome of infectious (epidemic) hepatitis 
which occurs spontaneously in the form of 
sporadic cases or epidemics in association with 
an incubation period varying from two to six 
weeks. ‘“‘Virus SH”’ (virus B) has been associated 
with the syndrome of hepatitis that characteris- 
tically develops one and one-half to six months 
after the occurrence of an opportunity for 
parenteral entry of the virus. The epidemiologic 
term “homologous serum hepatitis’? unfor- 
tunately has acquired a misleading etiologic 
implication in that it usually has been employed 
for reference to the hepatitis syndrome occurring 
after the long one and one-half to six months’ 
interval. It is emphasized that “‘virus IH”’’ also 
may be transmitted by blood or its products and 
cause “homologous serum hepatitis’ after an 
interval varying between two weeks and two 
months. Thus syndromes of hepatitis occurring 
two weeks to six months after exposure to blood 
or its products may be of viral origin and 
could justifiably be called “homologous serum 
hepatitis.” 

Although the properties of the two hepatitis 
viruses described above appear to account 
satisfactorily for most of the viral hepatitis 
syndromes ordinarily encountered, the possi- 
bility remains that other similar strains of 
hepatitis virus exist. The field epidemiologic 
studies”: and the experimental studies in 
volunteers that have provided the 
basis for the distinction between “virus IH 
(A)” and ‘‘virus SH (B)”’ are summarized in 
Table 1. 


EPIDEMIOLOGY 


Human blood and feces are the only proved 
sources of hepatitis virus and the agents may be 
present in these materials in very high concen- 
tration. Thus 50 cc. of a one to one million 
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dilution of whole blood (0.0001 to 0.00001 cc.) 
has been shown to be infectious. The viruses 
apparently may be present in blood or feces in 
the absence of previous or existing symptoms or 
signs and the blood or feces carriers may be 
infectious before, during or after the occur- 
rence of a clinical illness recognizable as 
hepatitis. The existence of long-term, 
asymptomatic blood or feces carriers of hepatitis 
virus with no history of recognized hepatitis 
recently has been definitely established.5*:1% 
As no host of hepatitis viruses other than man 
has been recognized, the current concept of 
epidemiology thus begins and ends with the 
human host. Either of the recognized viruses 
may be acquired from human blood but only 
‘“‘virus IH’? (A) has been proved to be present 
in the feces. Neither has been proved to be 
present in the urine or nasopharyngeal secre- 
tions. Most of the naturally acquired infections, 
sporadic or epidemic, appear to be due to 
‘“‘virus IH” transmitted by the intestinal-oral 
route by means of food, fomites, water etc. The 
possible mechanisms of transfer of either of the 
hepatitis viruses from human blood or its de- 
rivatives are multiple. These include transfusion 
or other injection of human blood, plasma, or 
serum (or from materials containing or prepared 
from these substances) and infection from im- 
properly sterilized syringes, needles, lancets or 
other instruments that have been in contact 
with human blood. Recently evidence of in 
utero transmission from an apparently healthy 
carrier mother to her fetus has been obtained. !** 
This may represent one of the natural modes 
of transmission of virus (SH) accounting for its 
survival prior to the “‘transfusion-needle-syringe 
era.” 

With the development by Cohn and co-. 
workers!* of technics for the fractionation of 
human plasma proteins by the ethanol precipi- 
tation method, and with the widespread clini- 
cal use of the blood fractions thus produced, 
the question of whether these fractions might 
transmit viral hepatitis has assumed great 
importance. The gamma globulin fraction, as pre- 
pared by ethyl alcohol (ethanol) precipitation, 
appears to be free of hepatitis virus, despite the 
fact that individual lots of gamma globulin 
(human immune serum globulin) may represent 
the pooled plasma of thousands of donors. !?8-15-16 
It would appear that in the preparation of this 
fraction by ethyl alcohol the virus is inactivated, 
eliminated, or neutralized. The albumin fraction 
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prepared in this way after appropriate heating 
has not been shown to contain the virus, and the 
albumin solutions as now prepared are appar- 
ently safe, due to the fact that this product can 
withstand the degree of heating required to 
inactivate the virus.!*°'7:'® Viral hepatitis like- 
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extent of this hazard has been further recognized 
by the recent demonstration of virus in the 
blood of apparently healthy persons.*¢:'!%* Al- 
though there is no definite evidence of mechan- 
ical or biologic transmission of hepatitis virus 


‘by biting insects, this possibility must exist 


TABLE I 


OBSERVED DIFFERENCES BETWEEN 


TWO HEPATITIS VIRUSES 


| 


Source Observation 


Virus IH (or A) 


Virus SH (or B) 


Observed in human vol- ee Usual type of onset 

unteers with experi-— 

mentally induced 

fections _ 2. Abnormal hepatic tests 

. Thymol and _ colloidal 
gold responses 

_ 4. Usual incubation period 

| (virus entry to clinical 
onset) 

5. Route of inoculation 


. Virus demonstrated in: 

. (a) Oral ingestion of 
known infectious 
serum 

(b) Parenteral injection 
of infectious serum 

8. Oral ingestion of feces 

suspensions 

9. Resistance to infection 

(immunity after): 

(a) virus IH infection 

(b) virus SH infection 

Incidence after 30 years 

of age 

11. Prevention by prophy- 

lactic injections of gamma 

globulin (human ethanol 


p’pt.) 


Sa 


Based on epidemiologic | 10. 
studies 


Abrupt; febrile, often high 
fever; often one chill 


Preceded by symptoms for 
several or more days 
Usually abnormal 


2 to 6 weeks 


Clinical hepatitis follows 
either oral or parenteral 
entry after 2 to 6 weeks 

Blood and feces 

Clinical hepatitis 


Insidious; afebrile or temper- 
ature usually less than 
100°c.; rarely a chill 

Often precede symptoms by 
several to many days 

Frequently negative or only 
weakly positive 

1144 to 6 months 


Clinical hepatitis after paren- 
teral but not after oral entry 


Blood only 
No hepatitis 


Clinical h patitis 


Clinical hepatitis 


Clinical hepatitis No hepatitis 

Present Absent 

Absent Present (up to 1 year) 
Sharp decrease No apparent decrease 


No 


wise has not been reported following the use of 
antihemophilic globulin, as prepared by the ethyl 
alcohol precipitation method.!* The disease has 
occurred, however, following the use of topical 
thrombin.'* It must be emphasized that the above 
observations apply only to the fractions pro- 
duced by the ethanol precipitation method and 
that fractions resulting from other methods of 
preparation will require re-evaluation and 
should not automatically be regarded as safe. 
The disease now has been recognized as an 
occupational disease among professional per- 
sonnel and laboratory workers?*-?? engaged in 
the handling of blood or its products, and the 


whenever an etiologic agent may be transmitted 
by minute amounts of plasma or blood. The 
many potential mechanisms for acquiring 
hepatitis virus from either blood or feces of 
either obviously infected or apparently healthy 
persons clearly indicate that a history of contact 
with an overt case of hepatitis is of little im- 
portance as a factor for or against the diagnosis 
of viral hepatitis in any suspected case. 

Both sexes and all races are susceptible to both 
of the recognized hepatitis viruses. In civilian 
populations “virus IH” hepatitis occurs pre- 
dominantly in children and young adults but 
may occur at any age. A sharp decrease in 
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incidence, however, is observed in exposed per- 
sons over the age of thirty, presumably due to 
acquired immunity. There apparently is no 
decrease in susceptibility to “virus SH”’ infec- 
tions with advancing age. In fact, this disease 
probably occurs more frequently in adults be- 
cause of their more frequent exposure to the 
mechanisms of transfer of hepatitis virus from 
blood and its derivatives. Exact incidence 
figures are not available for either virus although 
the disease now is reportable in many states. 
The actual incidence undoubtedly is much 
greater than that reported because of the fre- 
quent lack of recognition of non-icteric cases 
which may account for as many as 70 per cent 
of the actual infections.**:'**:?* The non-icteric 
form may be the rule in young children and such 
unrecognized cases undoubtedly constitute an 
important source of infection.5*:?4*> Epidemics 
of hepatitis occur annually in both civilian and 
military groups. In the armed forces of this 
country acute hepatitis continues to be one of 
the important medical problems and causes of 
man-days lost from duty per year. 

The usual incubation period of “virus 1H”’ 
hepatitis apparently ranges from two to six 
weeks irrespective of whether the route of entry 1s oral 
or parenteral. Under certain conditions, par- 
ticularly circumstances leading to attenuation, 
the incubation period may be prolonged con- 
siderably.*° The interval between parenteral 
entry of “virus SH” and the onset of clinically 
recognizable manifestations usually ranges from 
one and one-half to six months. 


IMMUNITY 


Available data indicate that infection with 
either “virus IH”’ or “virus SH” apparently is 
followed by resistance to re-infection with the 
homologous virus.**:®:® Although the duration 
of such resistance has been demonstrated 
experimentally only for a period slightly longer 
than one year, epidemiologic and other data 
suggest that the duration of resistance to re- 
infection with “virus IH” may be lifelong and 
similar to that resulting from measles. This is 
further supported by the protective effect 
against “‘virus IH”’ infections of human immune 
serum (gamma) globulin prepared by the 
ethanol fractionation method from the pooled 
plasma of human adults.'!*° The effectiveness 
of this material in this respect suggests that many 
persons must have had previous inapparent 
immunizing infections. Epidemiologic data re- 
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garding immunity from “virus SH”’ infections 
beyond the period of one year are not available. 
Available information suggests that this virus 
may be associated with a peculiar immunologic 
response as human immune serum globulin and 
convalescent plasma obtained after “virus SH”’ 
infections have failed to protect human volun- 
teers from “‘virus SH”’ infections.!**?> In addi- 
tion, a difference in the globulin responses to 
infection with the two viruses is suggested by the 
fact that, under experimental conditions in 
limited numbers of human volunteers, “virus 
IH” infections uniformly were associated with 
strongly positive thymol, colloidal gold and zinc 
turbidity reactions whereas ‘“‘virus SH”’ infec- 
tions frequently were associated with negative 
responses to all of these tests throughout the 
course of the infection.®/ 

Recently some evidence of active-passive 
immunization has been obtained in persons who 
received gamma globulin and who continued to 
be exposed. Actively immunizing infection pre- 
sumably occurred but was suppressed to a sub- 
clinical level by the gamma globulin. '* 

Although the evidence seems clear that con- 
siderable resistance to re-infection with the same 
virus exists for one or more years after infections 
with either “‘virus IH” or “virus SH,” the evi- 
dence seems equally clear that no cross immunity 
between the two viruses exists.**:®8 In fact, cer- 
tain epidemiologic data suggest that when 
equally exposed to one virus (IH or SH), those 
previously infected with the other virus have a 
somewhat higher incidence of infection than 
those without recognized previous infection with 
the other viruses.*® 

It seems probable that the immune state of 
blood recipients is of considerable importance 
in governing the sequence of events following in- 
jection of blood or plasma which may contain 
either or both “virus IH” (A) or “virus SH” 
(B). MacCallum” recently has emphasized this 
as essential to an understanding of otherwise 
apparently conflicting reports on the results of 
studies of hepatitis in human volunteers. Results 
that might be observed from infection with the 
two hepatitis viruses in accordance with the 
variation in the state of immunity of the 
recipient are summarized in Table 1. The possi- 
bility of simultaneous infection of the same 
person with both hepatitis viruses from a single 
blood specimen resulting in two separate attacks 
of jaundice within a six-month period is note- 
worthy, as the second attack in such a sequence 
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of events ordinarily might be regarded as a 
relapse of the initial infection. 


CLINICAL MANIFESTATIONS 


The variability of the clinical course of viral 
hepatitis has not been sufficiently emphasized. 


TABLE II 
RESULTS WHICH MAY BE OBTAINED THEORETICALLY BY 
INJECTION OF BLOOD FROM PATIENTS WITH VIREMIA 
(1H OR A; SH OR B) 


Virus in Donor’s | Immune State Result 
Blood of Recipient 

A (IH) O Short incubation 

A (IH) B Short incubation 

A (IH) A No disease 

B (SH) O Long incubation 

B (SH) A Long incubation 

B (SH) B No disease 

AB (IH and SH) O Short + long 
incubation 

AB A Long incubation 

AB B Short incubation 

AB AB No disease 


O indicates that there is no immunity to hepatitis 
viruses A (IH) or B (SH). (Adapted from MacCa.ium, 
F. O. Hepatitis. Brit, M. Bull., 9: 221, 1953.) 


The lack of a specific diagnostic test and un- 
familiarity with the different clinical variants 
prevent the recognition of many infections that 
deviate from the familiar typical pattern of 
acute hepatitis with jaundice. This is particularly 
true of the non-icteric forms. 

Acute Non-icteric Viral Hepatitis. Although the 
incidence of non-icteric infections varies with 
the particular strain of virus and the age group 
involved, it is believed that non-icteric hepatitis 
occurs more frequently than hepatitis with jaun- 
dice. The symptoms of the non-icteric disease are 
qualitatively similar to those of the icteric form 
but usually are somewhat less in degree and 
duration. Tn young children the 
symptoms may be predominantly those of a 
gastroenteritis or a diarrheal disease. 

The physical findings may be entirely similar to 
those of icteric hepatitis except for the absence of 
overt jaundice. In some, physical findings may 
be absent. Apparently the non-icteric disease 
may at times pursue a prolonged chronic course. 
In some such infections the virus may be present 
in the blood or stool for long periods, often 
without the association of noteworthy symp- 
toms.'** This non-icteric carrier state un- 
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doubtedly represents a dangerous and usually 
unrecognized source of infection of others. 

The results of Jaboratory tests in non-icteric 
hepatitis may be entirely similar to those subse- 
quently described for the icteric disease except 
that hyperbilirubinemia is slight or absent. 
Urine bilirubin occasionally may be detected 
even in the absence of hyperbilirubinemia. Par- 
ticularly in the newborn and very young chil- 
dren the results of hepatic tests may be quite 
variable and often may deviate little from the 
normal. Lacking a specific diagnostic test and 
with inconsistent responses of the hepatic tests, it 
is evident that such infections frequently will 
not be diagnosed and, except when observed 
during the course of an epidemic, may not even 
be suspected. Due to the uncertainty of the 
diagnosis, more precise description of the 
variants of the non-icteric infections must await 
the development of a specific diagnostic test. 

Acute Icteric Viral Hepatitis. ‘This is the com- 
monly recognized form of the disease and con- 
sists of three stages, namely, the pre-icteric, 
icteric and post-icteric stages. As this form of the 
disease is familiar to all,®*-®?3:27 no further 
description herein is warranted. 

However, the increasingly frequent recogni- 
tion of severe viral hepatitis in the newborn, 
infants and very young children warrants special 
comment. Recent evidence clearly indicates that 
the infection may be congenitally acquired from 
the mother’s blood.'**:?*:?9 The infection also 
may be acquired through the usual mechanisms 
at birth or during the neonatal period in infant 
nurseries. It is of interest that the mothers, from 
whom the infants apparently acquired the 
disease in utero, usually had no history of 
hepatitis. Likewise no clinical or laboratory 
evidence of hepatic disturbance was demon- 
strated in one such mother who was proved to 
have hepatitis virus in her blood stream by 
transmission experiments in human volunteers. 
As the hepatic tests in the newborn and very 
young infants are not dependable and give 
variable results in hepatic disease, differential 
diagnosis may be very difficult. 

Although hepatitis in the fetus of a mother 
who had overt hepatitis during the last month 
of pregnancy has been observed,*® hepatitis was 
not observed in any of the newborn infants in 
two groups of twenty-nine and _ fifty-seven 
mothers, respectively, who had jaundice at 
sometime during pregnancy.*!:*? At the present 
time, the available information does not permit 
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conclusions regarding the relationship of con- 
genital deformities and stillbirths to maternal 
acute hepatitis during pregnancy. Three chil- 
dren in one series*? did have brain deformities 
and approximately 20 per cent of the survivors 
of another series suffered from varied sequellae 
including deafness in two and mental retarda- 
tion in two.?® 

Finally, it appears that young children fre- 
quently have a mild form of viral hepatitis with 
little or no jaundice. This non-icteric disease 
apparently occurs more often in children under 
five than in older children. The occurrence of the 
non-icteric disease in nurseries, often un- 
recognized in the young children, has been 
shown to be the source of endemic hepatitis, 
particularly among the nurses, in several 
institutions. Such infections may be associated 
with fecal virus excretion over a period of many 
months. 13a, 24,26 


COMPLICATIONS OF ACUTE VIRAL HEPATITIS 


Complete clinical and laboratory recovery 
from acute viral hepatitis usually occurs within 
four months. The ultimate outlook for the aver- 
age infection is excellent although, as compared 
with most other infections, hepatitis is a disease 
of relatively long duration and thus of high 
morbidity. An uncertain number of patients 
may have one of several variations from the 
usual course of the disease. Most of the available 
information pertains to those patients who have 
had acute viral hepatitis with jaundice as the 
diagnosis frequently is not made in the non- 
icteric infections. Likewise, most follow-up 
information has been derived from follow-up 
studies 35, 36, 37a, 38a,b,39 carried out on 
relatively young male adults. However, the 
incidence of complications may vary with the 
virus concerned and the age, sex and over-all 
condition of the patient. For example, hepatitis 
acquired from blood transfusion in civilian life 
commonly occurs in the older age groups and the 
patient concerned often has some other serious 
associated condition which required blood trans- 
fusion. For these reasons, the frequency of 
complications might be expected to vary under 
these different circumstances. 

The following are among the recognized 
important complications: (1) Fatal hepatitis; 
(2) relapsing and/or recurrent viral hepatitis; 
(3) prolonged hepatitis; (4) chronic hepatitis; 
(5) the carrier state and (6) other post-hepatitis 
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states, including post-hepatitis syndrome and 
hyperbilirubinemia. 

Fatal Viral Hepatitis. Reported mortality 
rates for large outbreaks of naturally occurring 
‘virus IH”’ hepatitis usually range in the neigh- 
borhood of 0.2 per cent.**:®:34 This same rate 
was observed in the remarkable massive out- 
break of ‘“‘virus SH” hepatitis that followed 
inoculation of U. S. troops with yellow fever 
vaccine in 1942.%-4° As many unrecognized 
non-icteric cases probably were not included in 
the computation, the actual rate for this out- 
break probably was lower. In other small 
localized outbreaks mortality rates following 
blood or plasma transfusions have ranged as high 
as 20 per cent.**' A particularly malignant 
form of hepatitis with mortality rates varying 
from 11 to 50 per cent, affecting mainly elderly 
women, has been observed in the Scandinavian 
countries but has not been proved to be of viral 
origin.‘? It is believed that the variations in 
mortality rate may be influenced by one or 
more of the following factors: (1) The particular 
strain of virus concerned, including the condi- 
tions under which it has existed prior to patient 
entry; (2) possibly the size of the infecting 
dose; (3) the age, general health and im- 
munologic state of the patient (including the 
presence or absence of pre-existing liver disease 
or other associated diseases); (4) possibly the 
management of the patient, particularly during 
the acute stage of the disease. The above mortal- 
ity rates, although quite low in most epidemics 
and other outbreaks, nevertheless result in a 
disturbingly large number of fatal cases because 
of the high total incidence of the disease. These 
rates furthermore do not include the small 
group of patients dying from advanced liver 
disease some years after an attack of presumed 
acute viral hepatitis. 

From the clinical point of view, the potentially 
fatal nature of the disease presents a special 
problem because the initial course of fatal viral 
hepatitis may not differ from that of the ordinary 
mild or average infection. Patients with the 
mildest initial symptoms may suddenly develop 
rapidly progressive hepatic failure terminating 
in death within two to five days. Death in fatal 
hepatitis may occur at any stage of the disease 
but most of the fatal infections fall within two 
main types, namely, the fulminant and the sub- 
acute types.*44-43¢ In the fulminant form death 
usually occurs within ten days of the recognized 
onset, sometimes before the disease has been 
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present sufficiently long for jaundice to become 
apparent. In the sub-acute form death usually 
occurs from three to eight weeks after the on- 
set.24-° In these cases jaundice often has been 
prolonged or is of the relapsing type. The icteric 
phase of the disease initially may have followed 
the customary pattern with no phenomena 
suggesting the eventual fatal nature of the 
disease. In others there is a slow gradual increase 
in the degree of hepatic insufficiency. Eventually 
a sudden change occurs, often indicated by 
symptoms referable to the central nervous system 
including personality changes, stupor, delirium 
or occasionally convulsions. Fever and leuko- 
cytosis commonly occur in association with the 
changes in symptoms which also include per- 
sistent vomiting, the development of ascites, 
edema, hemorrhagic phenomena and eventually 
coma. Coma may develop suddenly or may fol- 
low gradually increasing stupor. Occasionally 
symptoms due to hypoglycemia, hypocalcemia 
or electrolyte disturbances may confuse the 
picture. These factors are important in therapy. 

As will be mentioned in the next section, a few 
patients may survive one to many years with 
chronic latent or active hepatitis until gradually 
increasing hepatic insufhciency or other com- 
plications of chronic liver disease, such as portal 
hypertension, lead to death. 

Recurrent and/or Relapsing Hepatitis. The liter- 
ature is confusing in respect to the incidence of 
recurrence or relapse of acute viral hepatitis, 
particularly when this occurs after an interval 
of apparent recovery following the initial acute 
episode. Exacerbations of liver disturbance oc- 
curring before clinical and/or laboratory recovery 
' from the initial attack probably are true re- 
lapses and apparently occur in 15 to 25 per cent 
of patients, even when under close supervision 
and management. Such relapses may 
be a duplication of the original attack or actually 
may be more severe and even progress to a 
fatal termination. More often, however, relapses 
are evidenced only by mild aggravation of the 
degree of hepatic disturbance revealed by 
hepatic tests. Relapses occur most often at the 
time when the patient is allowed to return to 
physical activity. The duration of the relapse 
may be short or may extend beyond the period of 
the initial acute episode. Although relapse 
prolongs the duration of the disease, most pa- 
tients ultimately achieve a complete recovery 
within one year. Available data suggest that 
only approximately 5 per cent of patients that 
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have relapses fail to achieve an apparent recov- 
ery within that period. 

When another episode of acute liver disease 
follows apparent recovery from an initial attack 
of acute viral hepatitis, the relationship of the 
second episode to the first becomes less certain 
with the passage of time.°” Thus most true re- 
lapses probably occur within six months of the 
initial attack and the clinician must be alert to 
the possibility of some other cause of the second 
episode at all times. Thus in persons with two 
separate attacks of jaundice separated by several 
months, there is the additional possibility that 
the first episode represented an “IH” infection 
and the second an ‘“‘SH”’ infection. It is theo- 
retically possible that both of these viruses might 
be transmitted to the same person by the same 
blood transfusion or blood product. When the 
patient is first seen during the second attack, 
there always is a question of the diagnosis during 
the first attack. Thus one occasionally finds that 
the diagnosis was erroneous for the first attack 
and that one is dealing with multiple attacks of 
jaundice due to extrahepatic biliary obstruction 
or occasionally to serum hepatitis following 
transfusion given during the course of an oper- 
ation for post-hepatic obstruction. The author 
has observed a patient with known acute 
‘“‘virus IH” hepatitis who, six months later, 
developed a second attack of jaundice proved to 
be due to infectious mononucleosis. It seems 
likely that second episodes, representing an 
exacerbation of the initial disease, will usually 
occur during the early months after the sub- 
sidence of the first acute episode. One should be 
very cautious about attributing second attacks 
of jaundice occurring after six to twelve asymp- 
tomatic months to an exacerbation of the 
original infection. On the other hand, apparent 
recovery following an initial attack cannot be 
safely judged on the basis of clinical observation 
alone. Thus complete recovery should be based 
on clinical judgment supported by proof of 
laboratory recovery as well. Unfortunately, 
most patients with acute hepatitis observed in 
civilian practice are discharged as recovered on 
the basis of the subsidence of the jaundice and 
clinical symptoms without adequate laboratory 
follow-up. 

Prolonged Hepatitis. This term is used herein 
for those infections in which clinical and/or 
laboratory evidence of active hepatic disease 
persists continuously for more than four months, 
but from which apparent complete recovery 
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ultimately occurs, usually within eighteen 
months. Such infections have been referred to by 
others as “‘chronic hepatitis.”’*4 It seems pre- 
ferable to the author, however, to distinguish 
those patients who ultimately recover com- 
pletely after a prolonged course from those who 
do not. A number of the infections included 
under the group designated as “relapsing 
hepatitis” also could be classified as “‘prolonged 
hepatitis.” However, it again seems desirable 
to separate those infections in which the disease 
is continuous from those in which the course is 
marked by one or more distinct attacks of uncer- 
tain relationship and between which there is an 
apparent recovery. The available data, which 
refer mainly to acute hepatitis with jaundice in 
adult males of military age, suggest that 15 to 
20 per cent of the acute icteric infections will fall 
into the category of “prolonged hepatitis”’ 
as defined above. However, the incidence of 
prolonged hepatitis may be higher in other 
groups, possibly varying with the same factors 
that influence mortality (see ‘‘Fatal Hepatitis’). 

In three groups of patients with prolonged 
hepatitis for which adequate follow-up data are 
available, approximately 5 per cent failed to 
achieve an apparent complete clinical and labo- 
ratory recovery by the end of one year. :¢:332..44 
During this interval the trend was usually one of 
slow gradual improvement at varying rates, the 
manifestations obviously varying with the time 
of observation. The findings in general were 
those associated either with a prolongation of the 
icteric and/or the post-icteric stages of the acute 
disease. Among those exhibiting a prolonged 
icteric phase a few present certain features that 
differ from the usual course in their laboratory 
and, to a lesser degree, in their clinical manifes- 
tations. In these patients moderate to severe 
jaundice may persist for months in spite of 
relative well being of the patient. Pruritus and 
easy fatigue with ordinary exertion may be the 
dominant symptoms except for the jaundice. 
The hepatic tests often are identical with those 
of post-hepatic obstructive jaundice, namely, 
negative or variable flocculation tests in associa- 
tion with moderate to marked elevations of 
alkaline phosphatase and serum cholesterol. 
Differentiation of these infections from _ the 
surgical types of jaundice often is extremely 
difficult on the basis of clinical or laboratory 
evidence and needle biopsy of the liver may, at 
times, fail to make a reliable distinction. The 
term ‘‘cholangiolitic’’ hepatitis has been applied 
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to this syndrome.***” As histologic evidence of 
cholangiolar disease is not recognized in these 
cases, some have objected to this term. In fact, 
many pathologists state that they are unable 
to recognize any difference between this form 
of hepatitis and the usual clinical form on 
histologic grounds alone. Nevertheless, there is 
no doubt that this form of the disease exists as 
a clinical and laboratory entity in which the 
phenomena are primarily those of extra- or 
intrahepatic obstruction. It has been suggested, 
however, that the process may cause a disturb- 
ance in excretion and absorption across the 
biliary epithelial membranes rather than intra- 
hepatic obstruction. Although some patients 
with this form of the disease recover completely 
after a prolonged icteric course, the process in 
others develops into the chronic hepatic disease 
which has been referred to as “‘cholangiolitic 
cirrhosis.”’***.46 Although the clinical and 
laboratory phenomena tend to follow the course 
of either the usual or the cholangiolitic forms 
from the onset of the disease, the phenomena of 
the latter occasionally may develop during the 
icteric stage of the former. 

Chronic Viral Hepatitis. ‘This term will be used 
herein for the remaining small group of pa- 
tients in whom clinical and/or laboratory evi- 
dences of liver disease persist continuously for 
more than one year after the initial onset of viral 
hepatitis. The degree of hepatic disturbance may 
vary but persists continuously in clinical or sub- 
clinical form, with or without jaundice. It is 
believed that some such infections, with active 
disease persisting for several or more years, 
eventually may resolve in a clinical and hepatic 
functional recovery. However, inadequate clini- 
cal or hepatic histologic studies of a group of 
such patients are available to determine if these 
patients actually have a healed or only a 
temporarily quiescent disease. More often, the 
patients of this group gradually suffer a progres- 
sive liver injury, with increasing hepatic 
insufficiency, which eventually leads to death 
from the latter or one of the complications of 
chronic liver disease. The frequency with which 
the chronic form develops, as herein defined, 
can only be roughly approximated. Again the 
available data refer only to the follow-up studies 
of young men of military age and do not include 
non-icteric cases. The actual incidence thus 
may be quite different with particularly virulent 
strains and in hosts of different age groups with 
different associated conditions and states of 
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general health. Based on the available data, it 
would appear that approximately 3 to 5 per 
cent of those who suffer from “prolonged 
hepatitis’ may develop the chronic disease as 
defined above. This would represent an ap- 
proximate incidence of only 0.6 per cent of 
the acute infections originally associated with 
jaundice. The author has been impressed with 
the number of persons with advanced chronic 
disease of the liver, representing some form of 
chronic hepatitis, who do not have a preceding 
history of a typical acute attack with jaundice, 
but who have been known to have a prolonged 
period of a non-icteric hepatic disease, which 
resembles that observed in prolonged non-icteric 
hepatitis. In fact, in his own practice, this type 
of chronic disease is encountered more commonly 
than chronic hepatic disease following an acute 
attack initially associated with jaundice. Until 
the etiology of this chronic liver disease preceded 
by a long non-icteric phase without an original 
acute icteric attack is clarified, it is difficult to 
be certain whether the low incidence of chronic 
hepatitis following recognized attacks with 
jaundice may not misrepresent the true incidence 
of chronic disease resulting from viral hepatitis. 

The clinical and laboratory phenomena of 
chronic hepatitis are similar to those of other 
chronic liver diseases and cirrhosis. Physical 
findings may include spider nevi, palmar 
erythema, ascites and edema, gynecomastia, 
hepatomegaly with or without splenomegaly, 
splenomegaly with or without hepatomegaly, 
with or without jaundice. Evidences of portal 
hypertension may or may not be present. The 
phenomena of hypersplenism occasionally may 
be observed. 

The type of morphologic change in the liver 
apparently is variable. 38,39, 43,6, 456,47, 48, 49 
Death usually occurs either from hepatic insuf- 
ficiency or from one of the complications of 
portal hypertension. The liver at postmortem 
apparently most often presents the change 
described as post-necrotic cirrhosis. In others, 
the picture has been described as multiple 
nodular hyperplasia or as that of portal cir- 
rhosis, Those patients who have had the so-called 
‘“‘cholangiolitic”’ form of the disease may present 
the picture of primary biliary cirrhosis. * 

Although the occasional transition of viral 
hepatitis into one or the other above mentioned 
forms of cirrhosis seems well substantiated, the 
infrequency of this occurrence deserves empha- 
sis. In fact, recent comprehensive follow-up 
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studies of veterans living in different sections of 
the United States after discharge from military 
service, made four to eight years after a previous 
attack of acute viral hepatitis with jaundice, 
indicate that the incidence of chronic hepatic 
disease is no greater in this group than in a 
group of controls without a history of acute 
hepatitis with jaundice.*’*° During their ex- 
tensive studies of postmortem material during 
World War un, Lucké and Mallory**:43? like- 
wise were unable to establish any consistent 
association between cirrhosis and _ previous 
hepatitis. However, most of their studies were 
concerned with fulminant and subacute fatal 
hepatitis. In other words, although cirrhosis 
apparently may follow an attack of hepatitis, the 
available data suggest that cirrhosis is no more 
frequent in persons who have had hepatitis four 
to eight years previously than in those who have 
not had recognized hepatitis. All of the above 
studies are subject to certain limitations which 
prevent their acceptance as conclusive evidence 
of the lack of a relationship between cirrhosis 
and antecedent hepatitis. In the first place, 
these studies were limited in respect to age and 
sex, dealing largely with males of military age. 
Secondly, they were concerned almost ex- 
clusively with the end results of acute hepatitis 
with jaundice. As mentioned earlier, many 
patients encountered in clinical practice with 
advanced liver disease, that must now be 
classified as chronic hepatitis and cirrhosis of 
unknown etiology, have had a non-icteric disease 
of long duration before clinical manifestations or 
medical examination leads to demonstration of 
the presence of this disease. Thus the exact 
relationship between an acute viral hepatitis, 
icteric or non-icteric, and cirrhosis must await 
the results of further study after a specific 
diagnostic test becomes available. Perhaps sup- 
porting the possible significance of non-icteric 
hepatitis as an etiologic factor of importance in 
the development of hepatic cirrhosis is the 
recent demonstration of several relatively asymp- 
tomatic persons with hepatic cirrhosis, with no 
antecedent history of hepatitis, who have been 
shown to be long-term blood carriers of hepatitis 
virus.*¢ In these persons other factors, such as 
alcoholism, may have contributed to the hepatic 
cirrhosis but the presence of hepatitis virus in 
the blood stream over long periods would appear 
to be more than coincidental. | 
The Carrier State. During the last several years 
conclusive evidence has been obtained that 
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long-term blood and fecal carriers of hepatitis 
virus exist.°413¢ The majority of the proved 
carriers have had no history of previous acute 
hepatitis with jaundice. Likewise the majority 
have had no specific symptoms or conclusive 
physical findings. Although most of the proved 
carriers have had some evidence of hepatic 
disturbance demonstrable by hepatic tests 
and several have had evidence of advanced liver 
disease demonstrated by liver biopsy, others have 
been entirely free of symptoms and of hepatic 
abnormalities as demonstrated by laboratory 
tests. In this last group, unfortunately, liver 
biopsies have not been available. One such 
carrier was a young mother whose newborn 
infant developed hepatitis suggesting the possi- 
bility of in utero transmission. The carrier 
state of the mother in this instance was demon- 
strated by transmission experiments in human 
volunteers.'** Further clarification of this state 
must again await development of specific 
diagnostic tests other than human volunteer 
method. | 

Other Post-hepatitis States. Attention also has 
been directed to a small group of patients who 
continue to have subjective complaints of 
anorexia, fatigue, abdominal discomfort and 
various non-specific gastrointestinal symptoms 
for prolonged periods after apparent recovery 
from acute hepatitis.*”5° The term ‘“‘post- 
hepatitis syndrome” has been applied to this 
condition in which other objective evidences 
of continued hepatic disturbance, including 
needle biopsy of the liver, cannot be demon- 
strated. It is believed that the symptoms of these 
patients are on a psychosomatic basis. Fre- 
quently a reason, such as loss of a pension or 
other convenience of illness, accounts for the 
need of continued symptoms in such patients. 
This diagnosis, however, should not be made 
without proof of normal liver histology as it has 
been demonstrated that active hepatic disease 
may be present in the absence of other labora- 
tory evidence of hepatic disturbance. 

Finally, the syndrome of so-called constitu- 
tional or familial hyperbilirubinemia*®:*! deserves 
mention. This condition is characterized by an 
elevation of the indirectly reacting serum bili- 
rubin and normal hepatic function as measured 
by all other available tests, and without evi- 
dence of hemolysis or other known mechanisms 
of hyperbilirubinemia. Liver biopsy in such 
patients apparently reveals what is considered 
to be normal morphology. Patients with this 
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syndrome frequently are asymptomatic. Others 
have occasional periods of vague and non- 
specific symptoms which vary with fluctuation 
in the level of the serum bilirubin but with no 
other demonstrable evidence of active disease. 
In a few such patients functional hypoglycemia 
is the cause of such symptoms and may be part of 
the syndrome. Although this syndrome has been 
observed in patients who have had a definite 
history of previous acute viral hepatitis with 
jaundice, it frequently is observed in persons 
without such history. It seems possible that 
those who are observed with this syndrome after 
viral hepatitis may have had this condition prior 
to the attack of viral hepatitis. At the present 
time a relationship between the two cannot be 
confirmed or denied and further clarification 
again must await the development of specific 
diagnostic tests. 


DIAGNOSIS 

As previously mentioned, specific diagnostic 
tests for viral hepatitis have not been developed. 
The diagnosis thus depends mainly on clinical 
and epidemiologic evidence, the pattern of 
response of certain non-specific laboratory 
procedures, and the exclusion of other diseases. 
The presenting problem usually is the establish- 
ment of the condition as one of the types of 
viral hepatitis or the sequellae. The conditions 
from which this disease must be differentiated 
vary according to the stage of the disease. 

During the pre-icteric stage or in non-icteric 
hepatitis the manifestations may simulate those 


_of a variety of acute infectious diseases, those of 


an acute condition within the abdomen or 
those of any one of the gastroenteric disorders. 
This great variability in the type of onset of viral 


hepatitis requires constant consideration if | 


errors in diagnosis are to be avoided. It is for 
this reason that the diagnosis of viral hepatitis 
usually is not made until jaundice appears, which 
may be several weeks after the onset of symptoms. 
During this early stage tenderness or pain in the 
hepatic area should arouse suspicion. These 
symptoms frequently are absent, however, as are 
other local manifestations pointing toward the 
liver or biliary tract. In such cases, the diagnosis 
may be suspected by the alert clinician from 
the application of a group of hepatic studies. 
The daily inspection of a urine specimen often 
would suffice. Except for this, the most useful 
tests at this stage are the bromsulfalein excretion 
test, the determination of bilirubin and uro- 
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bilinogen in the urine, measurement of the 
serum bilirubin (total and prompt direct react- 
ing) concentration and the flocculation tests. 
Although positive results with any of these tests 
will not establish the diagnosis of viral hepatitis, 
they may provide an important clue, at least, 
that should narrow the field of diagnostic 
possibilities. The absence of a history of contact 
has no value in excluding the diagnosis of 
viral hepatitis because of the many potential 
sources of infection described in the section on 
epidemiology. 

The problem in diagnosis during the icteric 
stage is essentially that of the differential diag- 
nosis of jaundice which does not fall within the 
scope of this article. It is emphasized that the 
age of the patient affords little evidence for or 
against the diagnosis. Viral hepatitis is the 
most frequent cause of jaundice (other than in 
the newborn) in children and young adults. The 
susceptibility of persons in the older age groups 
to “‘virus SH” and their frequent exposure to the 
mechanisms by which this virus may be acquired 
from blood, perhaps together with a greater 
distribution of the hepatitis viruses among the 
general population, have resulted in the frequent 
occurrences of viral hepatitis in these older age 
groups. This creates a particular diagnostic 
problem with “virus SH’’ hepatitis, the onset of 
which often is that of a relatively insidious, 
progressively developing jaundice. This mimics 
the textbook picture of malignant post-hepatic 
obstruction of the biliary tract. The diagnosis of 
viral hepatitis thus must be seriously considered 


regardless of age. Its recognition is particularly — 


important since patients with viral hepatitis 
often tolerate surgery poorly, the risk associated 
with surgery being considerably greater (al- 
though less today than in the past) than that 
associated with operations for jaundice of post- 
hepatic obstructive origin. It is likewise desir- 
able to avoid undue delay in the exploration of 
patients with post-hepatic obstructive (non- 
receding) jaundice. However, if bacterial chol- 
angitis is absent, such patients rarely suffer from 
a period of ‘watchful waiting,”’ often an impor- 
tant aid in the diagnosis. 

The differential diagnosis, therefore, of ‘“‘sur- 
gical” and “‘medical”’ jaundice is of importance 
and viral hepatitis, at times, offers considerable 
difficulty in this respect. The presence of 
strongly positive cephalin cholesterol and thymol 
tests during the early weeks of jaundice affords 
evidence in favor of an intrahepatic cause of 


jaundice. If the jaundice is severe, a normal or 
only slightly elevated alkaline phosphatase ac- 
tivity is more consistent with an intrahepatic than 
with a post-hepatic obstructive cause. Under the 
same circumstances, normal total serum choles- 
terol, with a marked decrease in the quantity of 
esterified cholesterol, is more consistent with an 
intrahepatic, than a post-hepatic obstructive 
cause. Unfortunately, an important element of 
intrahepatic obstruction (or disturbance of 
the biliary epithelial absorption-regurgitation 
mechanism) frequently occurs during the course 
of hepatitis and other types of intrahepatic 
disease. In such cases the presence of an in- 
creased alkaline phosphatase activity and a high 
total cholesterol concentration may falsely 
suggest the presence of a post-hepatic obstruc- 
tion. Also, one or more of the flocculation tests 
may be negative throughout the course of 
hepatitis (20 per cent of cases), further com- 
plicating the picture. In these instances needle 
biopsy of the liver may or may not be of value in 
determining whether the cause of the jaundice is 
intrahepatic or post-hepatic in origin. Although 
the jaundice eventually may be proved to be of 
hepatic origin, it must be admitted that the 
diagnosis of viral hepatitis often remains pre- 
sumptive and that many such cases actually may 
be of toxic or other origin. 

During the post-tcteric stage the persistence of 
vague symptoms including weakness, malaise 
and vague gastrointestinal complaints may be 
responsible for sufficient disability to require 
special study and management. In some persons 
these symptoms may be the result of other condi- 
tions that existed prior to, or developed during 
the course of or following the attack of acute 
hepatitis. Careful and detailed study may be 
necessary to identify properly the cause. Differ- 
entiation is essential as proper management in 
one type of hepatic disturbance may affect 
adversely symptoms from another source, for 
example, those of psychosomatic origin. The 
greatest assistance in the diagnosis of the role of 
viral hepatitis in these conditions again comes 
from the laboratory. The tests of most value for 
revealing the existence of mild degrees of sub- 
clinical hepatic disease are the bromsulfalein 
excretion test, the test for urinary urobilinogen 
(preferably the quantitative extraction method 
applied to a <twenty-four hour specimen), 
measurement of the total and prompt direct 
reacting serum bilirubin, and the cephalin- 
cholesterol flocculation, thymol turbidity and 
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flocculation tests, and zinc turbidity test. When 
evidence of hepatic disturbance is obtained, it 
must be realized that this is not specific for 
viral hepatitis. When such symptoms persist 
for prolonged periods or are detected in patients 
with a prior history of viral hepatitis, one is not 
necessarily justified in assuming that the condi- 
tion results from the viral hepatitis.°“ Other 
medical conditions associated with hepatic 
disturbance require exclusion and biopsy of the 
liver often is essential. In the author’s experi- 
ence some other cause of the symptoms, par- 
ticularly pain, has been found frequently. 

Since recent studies have shown that signifi- 
cant morphologic alterations in the liver may be 
present in association with minimal or no detect- 
able biochemical evidence of hepatic dysfunction, 
needle or other biopsy of the liver frequently is 
essential to the proper clarification of the nature 
of these conditions. 

Finally, a relationship of viral hepatitis to 
certain chronic diseases of the liver has been 
suggested. At the present time, the nature of this 
relationship is obscure. In addition to establish- 
ing the diagnosis in order to make certain that 
chronic jaundice with hepatomegaly and/or 
splenomegaly is not secondary to undiagnosed 
lesions of the extrahepatic biliary tract, clarifica- 
tion of the nature of the process is essential to the 
selection of the proper type of treatment. Needle 
biopsy of the liver, extensive x-ray and labora- 
tory study or exploratory laparotomy may be 
required to solve the problem. 

The development of newer technics in x-ray 
examination of the biliary tract offers promise of 
additional assistance with some of these puzzling 
problems. Preliminary results with a new intra- 
venous contrast medium, Jbiligrafin, has indi- 
cated that visualization of the extrahepatic 
biliary passages frequently is possible in many 
non-icteric and some icteric cases.5* Thus the 
exclusion of obstructive lesions of the post- 
hepatic biliary tract may be possible more often 
than in the past. When properly trained person- 
nel are available, the technic of direct chole- 
cystography and cholangiography, in conjunc- 
tion with the peritoneoscopic examination, 
is useful.°* In spite of the application of all 
diagnostic measures mentioned, the establish- 
ment of an accurate diagnosis may not be possi- 
ble in certain patients. In these instances 
exploratory laparotomy may be necessary if the 
question of an obstructive lesion of the extra- 
hepatic biliary tract cannot be excluded. 


MAY, 1954 


PREVENTION 


Prevention of viral hepatitis is particularly 
difficult because of the lack of methods for 
recognition of virus carriers, the many potential 
methods of transmission and the unusual 
resistance of the hepatitis viruses to many 
procedures that eliminate, inactivate or destroy 
most pathogens. 

Prevention of the spread of hepatitis viruses 
involves the consideration of every person as a 
potential carrier. The proved sources of hepatitis 
viruses are feces and blood. The prevention of 
the spread of infection from feces involves all of 
the common measures associated with the con- 
trol of the common intestinal pathogens. 

Prevention of the spread of hepatitis viruses 
in blood has raised many new problems. As the 
presence of hepatitis viruses in the blood cannot 
be demonstrated other than by transmission 
experiments in human volunteers and, up to 
date, no method for inactivation of the virus in 
blood is available, the use of whole blood or 
plasma for transfusion continues to be associated 
with the risk- of viral hepatitis.‘ The recent 
demonstration of asymptomatic blood carriers, 
without history of previous viral hepatitis with 
jaundice, is of particular importance in this 
respect.5¢:!3¢ Ultraviolet irradiation has not 
proved to be dependable as a method for 
inactivation of hepatitis virus in plasma and 
none of the chemical methods of sterilization of 
blood or plasma proposed to date has been 
proved to be satisfactory or dependable al- 
though several promising agents are being 
explored.*:!9:11.!2.24 Storage of plasma in the 
liquid state (not dried) at room temperature six 
months or longer may be associated with a 
decrease in incidence of the disease.!?“** How- 
ever, this method is not applicable to whole 
blood and is cumbersome as a method for the 
treatment of plasma. Storage at room tempera- 
ture for three months in the liquid state has been 
shown to be ineffective for the inactivation of 
hepatitis virus.!?¢ At the present time (1954), 
therefore, there is no entirely satisfactory method 
for the elimination of hepatitis virus from whole 
blood or its products other than albumin and 
gamma globulin (as now prepared). For this 
reason, whole blood, plasma and the blood 
products, other than albumin and gamma 
globulin, should not be used unless the indica- 
tions outweigh the risks of a potential attack 
of viral hepatitis. In evaluating this, it appears 
that the risk increases proportionately with the 
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‘number of units of plasma involved. Recent 


studies indicate that ultraviolet irradiated 
pooled plasma, as prepared by commercial 
processes, is associated with a 12.8 per cent 
incidence of hepatitis.*! ‘Thus pooled plasma, or 
multiple single transfusions, will be associated 
with a higher risk than with the use of single 
blood transfusions, the latter being associated 
with approximately a 0.5 to 1.5 per cent inci- 
dence. No reliable data are available concerning 
the incidence of carriers of hepatitis virus. 
Existing information suggests, however, that 
blood carriers among the donor population, in 
some areas at least, may range between 1 and 
5 per cent. This figure might be higher if 
transient asymptomatic carriers are included. 
Prevention of transmission by this means thus 
can best be accomplished by the avoidance of 
the use of such blood or its products unless 
necessary. Recent studies have suggested that a 
high percentage of asymptomatic blood carriers 
of hepatitis virus may have detectable evidence 
of hepatic disturbances as indicated by hepatic 
tests.°® Approximately 10 per cent of random 
blood donors exhibit a significant abnormality 
with one or more of a group of sensitive hepatic 
tests (total and one-minute serum bilirubin, 
bromsulfalein, zinc turbidity, thymol turbidity 
and flocculation, urine urobilinogen). As the 
hepatic abnormality in most of the proved, 
infectious, asymptomatic donors was reflected 
by abnormal thymol and zinc turbidity tests, it is 
probable that a significant number of potentially 
infectious donors could be excluded if these tests 
were performed routinely on all blood donors in 
the same fashion as the routine culture and the 
serologic test for syphilis. Such methods will not 
eliminate the problem of blood-transmitted 
hepatitis but possibly may aid in a reduction of 
the incidence. 

Unfortunately, the development of satisfac- 
tory methods for inactivation of hepatitis virus 
in blood and its derivatives will not eliminate 
all of the problems associated with the trans- 
mission of these viruses from blood. The other 


mechanisms of transmission associated with the © 


use of improperly sterilized needles, syringes, 
lancets and other instruments coming in contact 
with blood or its products will remain as sources 
of infection. Elimination of these methods of 
transmission involves the use of adequately 
sterilized instruments for each patient. This 
applies to instruments used for such routine 
procedures as blood counts and needles and 


syringes used for simple venipuncture or injec- 
tions. —The minimal procedures necessary to 
disinfect adequately such instruments have not 
been accurately determined. Simple rinsing and 
immersion in alcohol or other disinfectants has 
not proved to be dependable. This perhaps may 
be largely a matter of the undependability of 
technics performed by human beings. Thus 
adequate exposure to proper chemical disin- 
fectants for a sufficient length of time un- 
doubtedly is capable of disinfecting hepatitis 
virus. However, the information necessary to 
establish the minimal requirements is not avail- 
able. For this reason, adequate sterilization of 
such instruments requires, at the present time, 
thorough cleansing of all instruments to insure 
removal of all traces of foreign material such as 
blood clots, followed either by boiling, autoclav- 
ing or, when appropriate, flaming. 

‘“Virus SH”’ has not been infective when ad- 
ministered by the oral route and the stools from 
patients with ‘“‘virus SH”’ infections have not 
been shown to be infectious (most such studies 
have involved inoculation by the oral route and, 
as this virus appears to be infective only by the 
parenteral route, the absence of this virus in the 
stools has not yet been adequately proved). Pa- 
tients known to have this infection ordinarily 
would not require isolation. Unfortunately, in 
most sporadic cases of viral hepatitis it is not 
possible to be absolutely certain whether “‘virus 
IH” or “‘virus SH”’ is concerned. It is necessary, 


therefore, to assume that both the stool and the 


blood are infectious in the management of most 
patients with this disease. Although the virus 
apparently does not spread easily or rapidly 
through hospital wards, this and spread through 
a family occasionally do occur. The high morbid- 
ity and occasional mortality thus require that 
infectious precautions be instituted in the 
management of such patients whenever feasible. 
In most families, other members of the family 
usually have had maximal exposure by the time 
that the diagnosis is made, and institution of 
strict infectious precautions then probably is 
useless. All those in contact with the patient 
should be instructed to wash their hands thor- 
oughly with soap, preferably followed by a disin- 
fectant, after handling any article that may have 
come in contact with the patient. Hospitalized 
patients ideally should be placed under infectious 
precautions similar to those instituted for other 
infectious enteric diseases plus the general 
measures taken to avoid transmission from blood. 
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In this respect particular care should be exerted 
in the handling of patients with colostomies or 
open lesions associated with the oozing of blood 
or serum. As many of the patients with viral 
hepatitis are surgical patients, contact with 
such materials is common among these involved 
with dressing of wounds. 

‘“*Virus IH”’ infections can be prevented by the 
intramuscular injection of normal human serum 
globulin in a dosage of 0.02 cc. per kg. of body 
weight if administered prior to the onset of 
symptoms and signs of the active disease. © 128-130. 
If such gamma globulin is available, it should be 
given routinely to all those exposed in the course 
of a spreading epidemic, to those exposed heavily 
to individual cases and to those accidentally 
receiving unusual exposure by other mecha- 
nisms. Although such gamma globulin ap- 
parently does not protect against “‘virus SH”’ 
infections,?> one often is not certain about the 
type of infection concerned in_ individual 
patients. Supplies permitting, prophylactic in- 
jections of gamma globulin would be de- 
sirable in all patients receiving multiple blood 
transfusions. 

There is some evidence to suggest that those 
injected with gamma globulin, who continue 
to be exposed and are infected by hepatitis 
virus during the period of passive protection, 
may actually benefit from a so-called “‘active- 
passive’’ immunization resulting in prolonged 
immunity. 


TREATMENT 


Although no specific treatment for viral 
hepatitis is available, the natural tendency of 
the disease is toward spontaneous recovery. 
Thus most patients will recover fully and com- 
pletely with no treatment other than restriction 
of physical activity during the active stages of 
the disease and a high caloric, high .protein, 
high carbohydrate, moderate fat diet. Un- 
fortunately, the disease is unpredictable and it is 
not possible to determine, at the onset, which 
infection may be fatal or may be followed by one 
of the other variants from the usual course 
of prompt and spontaneous recovery. Thus it is 
necessary to treat all patients with hepatitis 
initially for a potentially fatal or serious disease 
until proved otherwise. Because of the great 
variability of the course of the disease, it is 
impossible to outline a standard treatment 
program. The basic principles of treatment 
are restriction of physical activity and diet.*?:?3.44 
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The concepts concerning the degree of restric- 
tion of physical activity are undergoing some 
change as the result of recent studies in U.S. 
Army troops in Korea.°*’:°8 Based on these studies 
a Committee on Hepatitis of the Commission on 
Liver Disease of the Armed Forces Epide- 
miological Board has issued®’ the following 
statement regarding the treatment of uncom- 
plicated acute viral hepatitis: 

‘“The following recommendations for the 
treatment of acute infectious hepatitis are gen- 
eral principles and may require modification for 
the individual patients under particular cir- 
cumstances. They embody a distinct change in 
the presently accepted rest regimen and little 
or no change in dietary treatment. They are 
based on the conclusions of a carefully controlled 
study of enlisted military personnel with acute 
infectious hepatitis. Their applicability to the 
more severe forms of the disease in older or less 
well nourished patients has not been established. 

‘Since physical activity to the point of fatigue 
may be harmful, patients with acute hepatitis 
should be hospitalized as soon as the diagnosis is 
made. They should be urged to rest in bed as 
long as acute symptoms persist. Once they begin 
to feel well, regardless of the degree of jaundice, 
they should not be forced to stay in bed more 
than an hour after each meal. Restriction to the 
hospital ward, however, is essential to decrease 
undue activity or exertion. Allowing ad lib 
activity on the ward (without any required 
exertion) circumvents the usual delay necessary 
for recuperation from the effects of prolonged 
rest in bed and appreciably shortens the period of 
hospitalization. 

‘Patients so treated may be discharged from 
the hospital and physical reconditioning may be 
undertaken after the total serum bilirubin is 
below 1.5 mg. per 100 ml. and the bromsulfalein 
retention in 45 minutes below 6 per cent for a 
period of not less than one week. Patients whose 
bromsulfalein retention stabilizes between 5 and 
10 per cent may be discharged from the hospital 
with safety. Those with persistently higher levels 
will require individual management. 

‘‘Following discharge from the hospital it is 
well to follow all patients for two weeks with 
weekly physical examination, serum bilirubins 
and bromsulfalein tests. Recurrent abnormali- 
ties will occur rarely and are probably indica- 
tions for rehospitalization. 

‘“‘The optimal diet in the treatment of infec- 
tious hepatitis consists of about 3,000 calories 
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containing approximately 150 gm. each of 
protein and fat. Intakes above this level should 
be ad lib. Although fried and greasy foods may 
cause indigestion, the fat contained in meat, eggs 
and dairy products is not harmful and adds 
greatly to the palatability of the diet. During the 
stage of severe anorexia the patient should be 
urged to take frequent small feedings. Intrave- 
nous glucose solutions should be administered 
when necessary to maintain a minimal caloric 
and fluid intake. Although the forcing of a high- 
protein, high-fat diet, by stomach tube if neces- 
sary, has been demonstrated to hasten recovery 
in the average infection, critically ill patients 
with fulminating disease or impending hepatic 
coma may be harmed by excess dietary pro- 
tein.°? In these few patients, therefore, it is 
probably unwise to administer more than a 
maintenance quantity of protein. 

‘Intravenous protein hydrolysates, plasma or 
blood transfusions have no place in the nutri- 
tional therapy of patients with uncomplicated 
infectious hepatitis.”’ 

Transfer of these principles of therapy for the 
management for acute viral hepatitis in military 
service to the treatment of patients encountered 
in civilian practice must be modified by discre- 
tion. When the disease is acquired by persons 
of older age groups with other associated diseases, 
bed rest probably should be maintained until the 
descending icteric phase is well established and 
the patient is completely asymptomatic. Also, 
the resumption of physical activity probably 
should be carried out more cautiously and with 
closer follow-up supervision. 

The symptoms of acute viral hepatitis are 
most prominent during the pre-icteric and early 
icteric phases. Anorexia often is severe and may 
be associated with troublesome nausea. Until 
this stage is passed, daily intravenous infusions 
of 10 per cent glucose with vitamin supple- 
mentation is desirable. For nausea, the use of 
benadryl, pyribenzamine or dramamine in doses 
of 50 mg. before the main meals may be very 
helpful. The mild sedative action of benadryl 
taken at bedtime may promote rest. The use of 
vitamin Bi. has been considered beneficial by 
some. If the nutritional status prior to the onset 
of hepatitis has been satisfactory and prolonged 
dietary inadequacy does not occur during the 
early stage of the disease, there is no definite 
evidence that the use of the lipotropic agents 
such as methionine and choline is beneficial. If 
there is doubt about the prior or present nutri- 


tional status of the patient, the author often 
prescribes methionine in a dosage of 1 to 3 gm. 
daily until the patient is capable of taking the 
recommended diet. Appropriate measures to 
avoid colon stasis also are advisable. 

The treatment of relapse should include re- 
sumption of those measures employed during the 
initial active symptomatic phase of the disease 
including bed rest. Present available informa- 
tion suggests the possibility that a relapse may 
prove to be an indication for treatment with 
cortisone or ACTH. In addition, patients with 
tendency to relapse should have a thorough 
medical evaluation to exclude the presence of 
associated conditions such as other intestinal 
infections, including amebiasis, or an incorrect 
original diagnosis. Any such conditions should be 
appropriately treated unless the _ indicated 
treatment is likely to be more hepatotoxic than 
the condition itself. 

In some patients who fail to recover progres- 
sively, treatment with one of the broad-spectrum 
antibiotics such as aureomycin in a dosage of 
250 to 500 mg. four times daily for two to four 
weeks may aid in initiating recovery if such 
therapy otherwise is well tolerated. 

A few patients will continue to have weakly 
positive hepatic tests for prolonged periods in 
spite of the absence of symptoms and signifi- 
cant physical findings. In such patients who fail 
to exhibit progressive improvement on con- 
servative therapy, a cautious trial of increased 
physical activity with laboratory follow-up of the 
effect may be necessary. 

A decision as to when it is safe to resume 
physical activity following hepatitis often is 
difficult as there are no standard objective 
criteria that may be employed. Under the 
treatment program outlined above for military 
personnel, most patients will be ambulatory by 
the time the serum bilirubin returns to normal. 
Before any further increase in activity is per- 
mitted, the bromsulfalein.retention should be 
8 per cent or less at forty-five minutes and the 
thymol and cephalin flocculation tests no more 
than weakly positive. Likewise the liver should 
no longer be grossly enlarged or tender. Under 


_ these circumstances a very gradual increase in 


physical activity, beginning with short walks, 
may be permitted and increased progressively. 
The remaining abnormal laboratory tests should 
be repeated one week after such increase in 
activity. The occurrence of any adverse symp- 
toms such as persistent fatigue without exertion 
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or gastrointestinal symptoms should lead to 
prompt re-evaluation. Allowance must be made 
for the occurrence of fatigue with increasing 
exertion which may be the result only of the 
prolonged period of physical inactivity. When 
the amount of physical activity that ordinarily is 
involved in one’s usual occupation is reached, 
resumption of work may be permitted. It is 
desirable, particularly for those who are em- 
ployed by others and are unable to control 
their time, to recommend that only half time 
work be undertaken during the first week. If this 
is well tolerated, full time work may be resumed. 
Alcoholic beverages, prohibited until this time, 
probably may be safely used in minimal quanti- 
ties after all of the hepatic tests have returned to 
normal. Unusual stress, strain and fatigue should 
be avoided for a six-month period following 
acute hepatitis. Routine laboratory follow-up 
study after three and six months and one year is 
advisable. 

Other general principles of treatment include 
the institution of infectious precautions for 
hospitalized patients and the administration of 
human immune serum globulin to those persons 
who have been heavily exposed (see Prevention). 

Consideration of the role of cortisone and ACTH 
in the treatment of viral hepatitis has been de- 
ferred until now because it is believed that the 
use of these agents is inadvisable in the usual 
forms of hepatitis which tend progressively 
toward spontaneous recovery. Evidence avail- 
able to date, however, indicates that the proper 
use of these agents when other stronger con- 
traindications do not exist, affects favorably 
the course of viral hepatitis. ®:?4:37°. 61-64 The influ- 
ence on the average spontaneously recovering 
infection, however, apparently is not sufh- 
cient to justify routine use because of the inci- 
dence of adverse effects from these drugs. How- 
ever, in those infections which are unusually 
severe, in those with delayed recovery or relapse, 
in the cholangiolitic types with prolonged 
jaundice and probably in the early chronic 
forms the use of these agents appear to be capa- 
ble at times of initiating progressive recovery. 
The dosage has not yet been well established and 
it appears probable that different dosage sched- 
ules may be indicated according to the type of 
complication of viral hepatitis that is being 
treated. It appears to be generally agreed that 
cortisone or ACTH therapy should not be 
initiated unless it is intended to continue such 
therapy until maximum improvement has been 
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obtained. Thus premature discontinuation of 
such treatment seems to have been associated 
with a tendency to relapse. It appears that the 
cholangiolitic forms with prolonged jaundice 
and those with delayed recovery will obtain a 
favorable result with relatively small doses 
ranging from 20 to 50 mg. of oral cortisone daily 
after three to ten days of somewhat higher 
dosage initially. Recently it has been suggested 
that massive dosage in the order of 600 to 1,000 
mg. of cortisone daily is beneficial in the fulmi- 
nant form with pre-coma or hepatic coma.® 
Sufficient data are not yet available to confirm 
the preliminary observations in this respect. It is 
the author’s opinion, from his personal experi- 
ence to'\date, that cortisone and ACTH are 
capable of favorably influencing the course of 
complicated forms of viral hepatitis. 

However, only further study will delineate the 
exact types which will be benefited and clarify 
the dosage schedule required. When these agents 
are used, the same precautions employed in their 
use in other conditions must be followed. 
Thus salt restriction may be necessary, potas- 
sium supplementation indicated and a careful 
daily search for possible adverse effects carried 
out. Before using these drugs a careful historical 
inquiry and a gastrointestinal series is desirable 
to eliminate those patients who may have an 
associated peptic ulcer, particularly if the indica- 
tion for the use of cortisone is not such that heroic 
therapy, regardless of risk, can be justified. Care- 
ful electrolyte control is essential in these 
patients. 


SUMMARY 


Available information concerning the etiology 
and epidemiology of viral hepatitis, including 
both infectious hepatitis and homologous serum 
hepatitis, is reviewed and evaluated. The 
clinical manifestations of the disease are con- 
sidered primarily in respect to those infections 
which present problems in diagnosis and/or 
which deviate from the usual course of prompt 
and spontaneous recovery. These include fatal 
hepatitis, recurrent and/or relapsing hepatitis, 
prolonged hepatitis, chronic hepatitis, the 
carrier state and certain other post-hepatitis 
states of uncertain relationship. Some of the 
problems in diagnosis and changing concepts in 
treatment are presented. An attempt is made to 
evaluate the present status of the multiple 
problems associated with the prevention and 
control of viral hepatitis, particularly in respect 
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to those infections acquired from blood and its 
derivatives. 


REFERENCES 


1. HENLE, W., Harris, S., HENLE, G., Harris, T. N., 
Drake, M. E., MANGOLD, F. and Stoxgs, J., Jr. 
Studies on the agent of infectious hepatitis. 1. 
Propagation of the agent in tissue culture and in 
the embryonated hen’s egg. J. Exper. Med., 92: 
271, 1950. 

2. Drake, M. E., Kitts, A. W., BLANCHARD, M. C., 
Farquuar, J. D., Stokes, J., Jk. and HENLE, W. 
Studies on the agent of infectious hepatitis. 1. The 
disease produced in human volunteers by the 
agent cultivated in tissue culture or embryonated 
hen’s eggs. J. Exper. Med., 73: 603, 1950. 

3. HENLE, G., Drake, M., HENLE, W. and Srokegs, J., 
Jr. A skin test for infectious hepatitis. Proc. Soc. 
Exper. Biol. & Med., 73: 603, 1950. 

4. Hara, K., Kasutwaai, Y. and Tsucniya, T. Studies 
on the causative virus of epidemic hepatitis. m. 
Skin test for epidemic hepatitis, with an antigen 
prepared from the spleen of mice inoculated with 
our strain of virus. Proc. Jap. Acad., 29: 83, 1953. 

5. (a) Neere, J. R., Gers, S. S. and Stokes, J., Jr. 
Homologous serum hepatitis and_ infectious 
(epidemic) hepatitis: Studies in volunteers bearing 
on immunological and other characteristics of the 
etiological agents. Am. J. Med., 1: 3, 1946. (6) 
NEEFE, J. R. Recent advances in the knowledge of 
virus hepatitis, 4. Clin. North America., No. 1407, 
1946, (c) Neere, J. R. Viral hepatitis: problems 
and progress. Ann. Int. Med., 31: 857, 1949. 
(d) Neer, J. R., Norris, R. F., REINHOLD, J. G., 
MirTcHELL, C. B. and R. S., OLIPHANT, 
J. W., DreFenBAcH, W. C. L., RATNER, F., Mur- 
RAY, R. and Leone, N. C. Demonstration of the 
existence of asymptomatic blood carriers of 
hepatitis virus and their relationship to viral 
hepatitis in whole blood recipients. J. A. M. A., 
154: 1066, 1954. (e) Nerere, J. R. and Sroxes, 
J., Jr. An epidemic of infectious hepatitis ap- 
parently due to a water borne agent. J. A. M. A., 
128: 1063, 1945. (f) Neere, J. R. and Rern- 
HOLD, J. G. Laboratory aids in the diagnosis and 
management of infectious (epidemic) hepatitis: 
analysis of results obtained by studies on 34 
volunteers during the early and convalescent stages 
in induced hepatitis. Gastroenterology, 7: 393, 1946. 
(g) NeeFe, J. R., Gampescia, J. M., Kurtz, C. H., 
SmitH, H. D., Wiiurams, S. C., REINHOLD, J. G., 
BEEBE, G., JABLON, S. et al. Studies on the incidence 
and nature of persistent hepatic disturbance follow- 
ing acute viral hepatitis with jaundice. To be pub- 
lished. (2) Nerere, J. R., Gampescia, J. M., 
GARDNER, J. R. and KNow Ton, M. Comparison of 
the thymol, cephalin-cholesterol flocculation and 
colloidal red tests in acute viral hepatitis. Am. J. 
Med., 8: 600, 1950. (A) Neere, J. R., Miter, R. G. 
and CwHornock, F. W. Homologous serum 
jaundice. Am. J. M. Sc., 207: 626, 1944. (j) 
NeeFE, J. R. Current Therapy 1952, p. 273. 
Philadelphia, 1952. W. B. Saunders Co. 

6. (a2) Havens, W. P., Jr. Infectious hepatitis. Medicine, 
27: 279, 1948. (6) Havens, W. P., Jr. and Paut, 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


J. R. Prevention of infectious hepatitis with 
gamma globulin. J. A. M. A., 129: 270, 1945. 
(c) Havens, W. P., Jr.,. Myerson, R. M. and 
CaRROLL, I. N. Effect of ACTH, cortisone and 
progesterone on patients with chronic hepatic 
disease. Metabolism, 1: 172, 1952. 


. (a2) MacCatium, F. O. Hepatitis. Brit. M. Bull., 


9: 221, 1953. (6) MacCu..um, F. O., MAcFARLAN, 
A. M., Mumes, J. A. R., Pottocx, M. R. and 
Witson, C. Medical Research Council Special 
Report Series No. 273, Infective Hepatitis. 
London, 1951. His Majesty’s Stationery Office. 
(c) MacCa.ium, F. O. Recent advances in in- 
fective hepatitis and serum hepatitis. Proceedings 
of the Fourth International Congress on Tropical 
Medicine and Malaria 1: 457, 1948. 


. Gautp, R. Epidemiological field studies of infec- 


tious hepatitis in Mediteranean Theater of 
operations; relation between vaccine jaundice and 
infectious hepatitis. Am. J. Hyg., 43: 310, 1946. 


. Pau, J. R. and Garpner, H. T. End miologic as- 


pects of hepatitis in U. S. troops in Germany, 
1946-1950. Am. J. Med., 8: 565, 1950. 

World Health Organization Expert Committee on 
Hepatitis. World Health Org. Techn. Rep. Ser. 
No. 62, 1953. 

Drake, M. E., Hampi, B., PENNELL, R. B., SP1z1zEN, 
J., HENLE, W. and Stokes, J., Jr. Effect of nitro- 
gen mustard on virus of serum hepatitis in whole 
blood. Proc. Soc. Exper. Biol. &@ Med., 80: 310, 1952. 

(a) Murray, R. Personal communication. (5) 
Murray, R. and Ratner, F. Safety of immune 
serum globulin with respect to homologous serum 
hepatitis. Proc. Soc. Exper. Biol. & Med., 83: 554, 
1953. (c) Murray, R. and DieFensacn, W. C. L. 
Effect of heat on the agent of homologous serum 
hepatitis. Proc. Soc. Exper. Biol. G@ Med., 84: 230, 
1953. (7) Murray, R., RATNER, F., DIEFENBACH, 
W. C. L. and GELLER, H. Effect of storage at room 
temperature on the infectivity of icterogenic 
plasma. J. A. M. A. In press. 

(2) Stokes, J., Jr., BERK, J. E., MaAvamut, L. L., 
Drake, M. E., Baronpess, J. A., BASHE, W. J., 
Woman, I. J., FARQuHAR, J. E., Bevan, B., 
DrummonpD, R. J., Maycock, W. D., Capps, R. B. 
and BENNETT, A. M_ The carrier state in viral 
hepatitis. J. A. M. A., in press. (6) Stokes, J., Jr. 
and NEeEFE, J. R. The prevention and attenuation 
of infectious hepatitis by gamma globulin. J. A. 
M. A., 127: 144, 1945. (c) Strokes, J., Jr. Viral 
hepatitis. Am. J. M. Sc., 225: 349, 1953. 

Conn, E. J. et al. The characterization of the protein 
fractions of human plasma. J. Clin. Investigation, 23: 
417, 1944. 

JANEWay, C. A. Use of concentrated human serum 
gamma globulin in prevention and attention of 
measles. Bull. New York. Acad. Med., 21: 202, 1945. 

Hammon, W. McD., Corie.i, L. L. and SToKEs, 
J., Jr. Evaluation of Red Cross gamma globulin 
as a prophylactic agent for poliomyelitis. 1. Plan 
of controlled field tests and results of 1951 pilot 
study in Utah. J. A. M. A., 150: 739, 1952. 

Ge tus, S. S., Neere, J. R., Stokes, J., Jr., STRONG, 
L. E., Janeway, C. A. and ScatcHarp, G. Chemi- 
cal, clinical, and immunological studies on the 
products of human plasma fractionation. XXvI. 


AMERICAN JOURNAL OF MEDICINE 


| 

= 

] = 

|| 

| 

e 


18. 


19. 


20. 


21. 
22. 


23. 


24. 


y 


26. 


27. 


32. 


33. 


MAY, 


Viral Hepatitis—Neefe 


Inactivation of virus of homologous serum hepatitis 
in solutions of the normal human serum albumin 
by means of heat. J. Clin. Investigation, 27: 239, 
1948. 

PorTER, J. E., Sapiro, M., G. L., DRAKE, 
M. E., Baronpess, J. A., BasHe, W. J., Jr., 
Stokes, J., Jr., OLirpHant, J. W., 
BACH, W. C. L., Murray, R. and Leong, N. C. 
Human thrombin as vehicle of infection in 
homologous serum hepatitis. J. A. M. A., 153: 17, 
1953. 

PainE, R. S. and JANEway, C. A. Human albumin 
infusions and homologous serum jaundice. 
J. A. M. A., 150: 199, 1952. 

Kun, C. and Warp, W. E. Occupational virus 
hepatitis: an apparent hazard for medical person- 
nel. J. A. M. A., 143: 631, 1950. 

Mapsen, S. The frequency of hepatitis in doctors. 
Postgrad. Med., 11: 517, 1952. 

SuLkin, S. E. and Pike, R. M. Survey of laboratory- 
acquired infections. Am. J. Pub. Health, 41: 769, 
1951. 

BarKER, M. H., Capps, R. B. and ALLEN, F. W. 
Acute infectious hepatitis in the Mediterranean 
Theater, including acute hepatitis without 
jaundice. J. A. M. A., 128: 997, 1945. 

(a) Capps, R. B., BENNETT, A. M. and Stokes, J., JR. 
Endemic infectious hepatitis in an_ infant’s 
orphanage. 1. Epidemiologic studies in student 
nurses. Arch. Int. Med., 89: 6, 1952. (6) Capps, R. B. 
and Stokes, J., Jr. Epidemiology of infectious 
hepatitis and problems of prevention and control. 
J. A. M. A., 149, 557, 1952. 

BLANCHARD, M., Stokes, J., Jr., NEEFE, J. R., 
Ge.uis, S. S. and Wapg, G. R. Methods of pro- 
tection against homologous serum hepatitis. Part 1. 
Studies on the protective value of gamma globulin 
in homologous serum hepatitis (SH) virus. J. A. 
M. A., 138: 336, 1948. 

BENNETT, A. M., Capps, R. B., DRAKE, M., ETINGER, 
R. A., Miiis, E. H. and Stokes, J., Jk. Endemic 
infectious hepatitis in an infant’s orphanage. 1. 
Epidemiologic studies in infants and small chil- 
dren. Arch. Int. Med., 90: 37, 1952. 

LicHTMAN, S. S. Diseases of the Liver, Gall Bladder 
and Bile Ducts, 3rd ed., vol. 1, p. 446. Philadelphia, 
1953. Lea and Febiger. 


. J. H., Hunt, W. E., Pucu, V., STEINGOLD, L., 


MARSHALL, A. G. and Woop, J. H. F. J. Path. & 
Bact., in press. Cited by MacCallum, F. O.7¢ 


. Bopian, M. and Newns, G. H. Hépatite néonatale. 


Arch. frang. pédiat., 10: 169, 1953. 


. Orin, G. Hepat'tis epidemic presumably spread 


by water. Acta med. Scandinav., Suppl., 196: 381, 
1947. 


. ZONDEK, B. and BromsBeErG, Y. M. Infectious hepa- 


titis in pregnancy. J. Mt. Sinat Hosp., 14: 222, 
1947. 


Martini, G. A., Harnack, G. A. V., Napp, J. H. 
Hepatitis and Schwangerschaft; die Auswirkung 
der Hepatitis auf die Mutter. Deutsche med. 
Wehnschr., 78: 661, 1953. 

(2) Kunxie, H. G. and Lassy, D. H. Chronic 
liver disease following infectious hepatitis. 1. 
Cirrhosis of the liver. Ann. Int. Med., 32: 433, 1950. 
(6) Kunk.e, H. G., Lassy, D. H. and 


1954 


35. 


36. 


37. 


38. 


39. 


42. 
43. 


45 


46. 


47. 


727 


C. Chronic liver disease following infectious 
hepatitis. 1. Abnormal convalescence from initial 
attack. Ann. Int. Med., 27: 202, 1947. 


. (a) Lucxé, B. The structure of the liver after recovery 


from epidemic hepatitis. Am. J. Path., 20: 595, 
1944. (6) Lucxé, B. Studies on epidemic hepatitis 
and its sequelae, (Thomas Dent Mutter Lecture). 
Tr. & Stud., Coll. Physicians, 16: 32, 1948. (c) Lucké 
B.: Pathology of fatal epidemic hepatitis. Am. J. 
Path., 20: 471, 1944. (d) Lucxé, B. and MALLory, 
T. B. Fulminant form of epidemic hepatitis. Am. 
J. Path., 22: 867, 19-46. 

RAPPAPORT, E. M. and Kiartskin, G. Relapses and 
recurrences of infectious hepatitis. Rev. Gastro- 
enterol., 14: 17, 1947. 

Perkins, R. F., BaGcenstoss, A. H. and SNELL, 
A. M. Viral hepatitis as a cause of atrophy and 
cirrhosis of the liver. Proc. Staff Meet., Mayo Clin., 
25: 287, 1950. 

(a) Sporov, V. M. The diagnosis of chronic viral 
hepatitis. Maryland M. J., 1: 92, 1952. (6) Sporov, 
V. M. Proceedings of Second ACTH Conference, 
vol. 1, p. 381. Philadelphia, 1951. Blakiston Co. 

(a) SHEeRtock, S. Post-hepatitis cirrhosis. Lancet, 
254: 817, 1948. (6) SHeRLock, S. and WALSHE, V. 
The post-hepatitis syndrome. Lancet, 251: 482, 
1946. 

ZiEvE, L., Hitt, E., Nessirt, S. and Zieve, B. The 
incidence of residuals of viral hepatitis. Gastro- 
enterology, 25: 495, 1953. 


. SawYyeER, W. A., Meyer, K. F., Eaton, M. D., 


Bauer, J. H., Putnam, P. and SCHWENTKER, F. F. 
Jaundice in army personnel in the western region 
of the United States and its relation to vaccination 
against yellow fever. Am. J. Hyg., 40: 35, 1944, 


. Workman, W. G. and Murpny, W. P., Jr. Serum 


hepatitis from pooled irradiated dried plasma. 
J. A. M. A., 152: 1421, 1953. 

A.tsTED, G. Studies on malignant hepatitis. Am. J. 
M. Sc., 213: 257, 1947. 

(a) MALLory, T. B. Pathology of epidemic hepatitis. 
J. A. M. A., 134: 655, 1947. (6) Matiory, T. B. 
Discussion of symposium on diseases of the liver. 
J. A. M. A., 134: 678, 1947. 


. BARKER, M. H., Capps, R. B. and ALLEN, F. W. 


Chronic hepatitis in the Mediterranean Theater: a 
new clinical syndrome. J. A. M. A., 129: 653, 
1945. 


. (a) Watson, C. J. and Horrsaver, F. W. The prob- 


lem of prolonged hepatitis with particular refer- 
ence to the cholangiolitic type and to the develop- 
ment of cholangiolitic cirrhosis of the liver. Ann. 
Int. Med., 25: 195, 1946. (6) Watson, C. J.. 
HorFFBAvuER, F. W. and Howarp, R. B. The rela- 
tion of infectious hepatitis to cirrhosis of the liver, 
with particular reference to the cholangiolitic 
type (Hanot’s cirrhosis; so-called hypertrophic 
biliary cirrhosis). Tr. A. Am. Physicians, 59: 166, 
1946. (c) Watson, C. J. The bile pigments. 
New England J. Med., 227: 665, 1942. 

AHRENS, E. H., Jr., PAyNE, M. A., Kunk iE, H. G., 
EIsENMENGER, W. J. and BLonpuHemm, S. H. 
Primary biliary cirrhosis. Medicine, 29: 299, 1950. 

T. C., Gices, B. and Smetana, J. F. 
Histopathologic study of acute nonfatal hepatitis. 
Mil. Surgeon, 100: 425, 1951. 


34 
40 
4) 
: 
44 
28 
30 
a 


728 
48. 


49. 


50. 


$3. 


54. 


55. 


56. 


57. 


PaTEk, A. J., Jk. Hepatitis and cirrhosis of the liver. 
Advances Int. Med., 4: 329, 1950. 

BLoomFiELpD, A. L. The natural history of chronic 
hepatitis (cirrhosis of the liver). Am. J. M. Sc., 195: 
429, 1938. 

CarAvatl, C. M. Post-hepatitis syndrome. South M. 
BSR, 19M. 

DAMESHEK, W. and Sincer, K. Familial non- 
hemolytic jaundice. Arch. Int. Med., 67: 259, 1941. 

HornykIEwjtscH, T. and STeNpDER, J. Sr. Intra- 
venése Cholangiographie. Fortschr. a. d. Geb. d. 
Rontgenstr., 79: 292, 1953. 

Hecstrom, G. J., ZOECKLER, S. J. and Ken, P. G. 
Peritoneoscopy. Gastroenterology, 25: 243, 1953. 

HARTMAN, F. W., Manoum, G. H., FEELEy, N. and 
Jackson, E. On the chemical sterilization of blood 
and blood plasma. Proc. Soc. Exper. Biol. G Med., 
70: 248, 1949. 

ALLEN, J. G., ENERson, D. M., Barron, E. S. G. 
and Sykes, C. Pooled plasma with little or no risk 
of homologous serum jaundice. J. A. M. A., 154: 
103, 1954. 

Fircu, D. R., WANTANABE, R. K., NEEFE, J. R., 
REINHOLD, J. G. and Norris, R. F. Incidence of 
suspected hepatic disease in asymptomatic blood 
donors: possible relation to carrier state of viral 
hepatitis. Abstract of Chicago Meeting of Am. Soc. 
of Clin. Path., October 8, 1952. 

CHALMERS, T. C., EcKHARDT, R. D., REYNOLDs, 
W. E., Cicarroa, J. G., Jr., DEANE, N., REIFEN- 
STEIN, R. W., Smitu, C. W. and Davipson, C. S. 
The treatment of acute infectious hepatitis. 
Controlled studies of the effects of diet, rest, and 
physical reconditioning on the acute course of the 
disease and on the incidence of relapses and 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


Viral Hepatitis—Neefe 


residual abnormalities. Report submitted to the 
Surgeon General of the Army on Nov. 4, 1953. To 
be published. 

Leone, N. C., Ratner, F., DieFensacn, W. C. L., 
Eaps, M. G., LieBERMAN, J. E. and Murray, R. 
Clinical evaluation of a high protein, high carbo- 
hydrate, restricted fat diet in the treatment of viral 
hepatitis. Ann. New York Acad. Sc., in press. 

Puiturps, G. B., Schwartz, R., Gasuzpa, G. J. 
and Davipson, C. S. The syndrome of impe ding 
hepatic coma in patients with cirrhosis of the liver 
given certain nitrogenous substances. New England 
J. Med., 247: 329, 1952. 

SHAFFER, J. M., BLuEMLE, L. W., Jr., Sporov, 
V. M. and Neerg, J. R. Studies on the use of 
aureomycin in hepatic disease. tv. Aureomycin 
therapy in chronic liver disease. Am. J. M. Sc., 220: 
1, 1950. 

CoLsBertT, J. W., Jr., HOLLAND, J. F., HeEtsscer, I. 
and Know.ton, M. Use of ACTH in acute viral 
hepatitis. New England J. Med., 245: 172, 1951. 

Ducc1t, H. and Katz, R. Cortisone, ACTH and 
antibiotics in fulminant hepatitis. Gastroenterology, 
21: 357, 1952. 

Rirxin, H., Marks, L. J., HAmmerman, D. J., 
BLUMENTHAL, M. J., Weiss, A. and WEINGARTNE, 
B. Use of corticotropin and cortisone in acute 
hemologous serum hepatitis. Arch. Int. Med., 89: 
32, 1952. 

Tuorn, G. W., Forsuam, P. D., FRAWLEY, T. F., 
Hitt, S. R., Rocne, M., STAEHLN, P. and WILson, 
D. L. Medical progress; clinical usefulness of 
ACTH and cortisone. New England J. Med., 242: 
783, 1950. 


AMERICAN JOURNAL OF MEDICINE 


| 
} 
| 
j 
ba 
» 
4a 
4 
| 


Case Reports 


Vitamin A Poisoning in Adults’ 


With Description of a Case 


ALEXANDER GERBER, M.D., ADOLPH P. RAAB, M.D. and ALBERT E. SOBEL, Ph.D. 
Brooklyn, New York 


HE present report concerns an adult with 

long standing vitamin A poisoning who 

had the highest fasting blood vitamin A 
level ever recorded. During the course of her 
intoxication, which lasted eight and one-half 
years, she was hospitalized ten times. Before the 
correct diagnosis of hypervitaminosis A was 
established the following diagnoses had been 
considered: brain tumor, serous meningitis for 
which she underwent a subtemporal decompres- 
sion, chronic encephalitis, viral radiculoen- 
cephalitis, psychoneurosis and generalized in- 
fectious arthritis. For the first time x-ray evidence 
of bone involvement in an adult is described. 


HISTORICAL 


As early as 1857 acute illness had been 
described by arctic explorers following the in- 
gestion of polar bear liver. Elisha Kane men- 
tioned ‘‘vertigo, diarrhea, and their concomit- 
ants” as the aftermath of eating this food.' 
Jackson? in 1899 mentioned that many arctic 
explorers of that period knew of the poisonous 
qualities of polar bear liver. It was not until 


1942, however, that the toxic substance in polar 


bear liver was identified by Rodahl and Moore* 
as being vitamin A. 

The first reports of toxic effects of excess 
vitamin A in animals appeared in the late 1920’s 
and early 1930’s. von Drigalski administered a 
vitamin concentrate rich in vitamin A to white 
rats.‘ In four to six days these animals showed 
dishevelled fur and marked emaciation. After 
five to eight days conjunctivitis, hemorrhagic 
rhinitis and diarrhea appeared. Within five to 
nineteen days the animals died. Collazo and 
Rodriguez conducted similar experiments.*® They 
noted inflammatory changes of the eyes, bilateral 


exophthalmos, cessation of growth and spon- 
taneous fracture of bones in addition to trophic 
changes of the skin and loss of hair. When the 
overdosage was stopped, the animals recovered 
and gained weight. Russo was unable to dupli- 
cate these effects in animals and concluded that 
high doses of vitamin A were not toxic.* Clausen 
in an excellent review of the experimental work 
on this subject came to the conclusion that “‘the 
literature was so contradictory at that time 
(1938) so as to afford no evidence that vitamin 
A would have a harmful effect on human 
beings.”’? Subsequently, Moore and Wang* 
produced fatal uterine hemorrhage in adult 
pregnant rats by the administration of toxic 
doses of vitamin A. 

In 1912 Czerny administered large doses of 
cod liver oil to tuberculous children and ob- 
served the development of seborrheic dermatitis 
of the face and scalp.? Getz and his associates 
administered 50 cc. of halibut liver oil (2,000,000 
units of vitamin A) in a single dose to four 
adults.'® All experienced dull headaches but no 
other symptoms. Rodahl and Moore cite the 
instance of a man who consumed 6,000,000 
units of vitamin A daily for five days at which 
time he became severely ill, complaining mainly 
of dizziness. On stopping the vitamin A he 
rapidly recovered and appeared to be normal 
within ten days. Clinical recognition of chronic 
vitamin A poisoning was first described in a 
child by Josephs in 1944.'! Since then other 
reports have appeared, mainly in_ pediatric 
literature. By 1952 Caffey had listed twenty-two 
reported cases in children.'? Only two cases of 
chronic hypervitaminosis A have been reported 
in adults, neither of whom exhibited the ad- 
vanced changes present in our patient.'*:'* 


* From the Department of Medicine and the Department of Biochemistry, Jewish Hospital of Brooklyn, Brooklyn, N. Y. 
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CLINICAL CLASSIFICATION 


A clinical classification suggested by Knudson 
and Rothman divides hypervitaminosis A into 
acute and chronic forms as they exist in infants 
and adults.'® 

Acute Hypervitaminosis A in Infants. Acute 
hypervitaminosis A in infants resulting from 
accidental ingestion of large doses of vitamin A 
has been reported by Marie and See, by Mulloy 
and by Garcia.'*—'* In addition to vomiting and 
drowsiness, there was marked bulging of the 
fontanelle in every case. During their illness 
there were no evidences of cervical rigidity, 
abnormal neurologic signs or fever. In every 
instance recovery was rapid and complete fol- 
lowing lumbar puncture and abstinence from 
vitamin A. In Mulloy’s case the anterior fonta- 
nelle bulged 2 cm. The spinal fluid was under 
greatly increased pressure and contained 30 cells 
of which 98 per cent were lymphocytes. The 
Pandy test was slightly positive and no bacterial 
growth was obtained. The serum vitamin A 
level on admission was 715 units, and after four 
days without vitamins fell to 217 units.* A fine 
cutaneous desquamation developed over the 
trunk and extremities after a few days. 

Acute Hypervitaminosis A in Adults. Symptoms 
of acute hypervitaminosis A in adults appear 
within four to eight hours following ingestion of 
toxic doses of vitamin A. Headache is the pre- 
dominant manifestation and has been described 
as being violent and localized in the forehead 
and eyes. Nausea, vomiting, vertigo, drowsiness, 
irritability and localized or generalized peeling 
of the skin are common findings. Lonie reported 
a family with vitamin A poisoning following a 
meal of shark liver.'!® Their symptoms consisted 
of severe headache, dizziness, nausea and vomit- 
ing. Recovery was rapid and complete. Within 
thirty-six hours desquamation of the skin started 
and later became extensive. 

Chronic Hypervitaminosis A in Infants. In 1944 
Josephs reported the first case of chronic 
hypervitaminosis A in a child.!! Toomey and 
Morissette in 1947 described a similar case.?° 
They were able to reproduce the original symp- 
toms and signs in this two year old infant by 
giving 6,200,000 units of vitamin A during a 
period of fourteen days. Gribetz, Silverman and 
Sobel?! reviewed the literature and summarized 
the findings in seventeen cases, including two 
cases of their own. Most instances occurred in the 
second or third year of life and followed months 

* 1 wg. of vitamin A = 3.33 U.S. P. units. 


of excessive vitamin A intake. The most promi- 
nent features were cortical thickening of the 
bones, painful swellings in the extremities, 
irritability, pruritus, hepatomegaly, limitation of 
motion or inability to stand, sparse coarse hair, 
fissuring of the lips, constipation and a failure to 
gain weight. Splenomegaly was noted only by 
Josephs. 

Gribetz et al. reported the case of a seventeen 
month infant who had enlargement of the head. 
Slightly dilated ventricles on pneumoencephalo- 
gram and ventriculogram suggested hydro- 
cephalus. Following a reduction in vitamin A 
intake her head assumed normal proportions. 
A six and one-half month old girl with chronic 
hypervitaminosis A was described by Arena as 
having marked craniotabes.?* X-ray of the skull 
showed uniformly thin bones. There was no 
hyperostosis. After elimination of all vitamin 
preparations the skull bones became normal. 

Chronic Hypervitaminosis A in Adults. Only two 
cases of chronic hypervitaminosis A have been 
reported in adults. Sulzberger and Lazar in 1951 
described a forty-four year old woman who, in an 
attempt to prevent ‘“‘colds,’”” had taken 600,000 
units of vitamin A daily for eighteen months, 
supplemented by occasional doses of 1 to 2 million 
units.!* Her complaints and findings included 
the following: menstrual periods of shorter 
duration and decreased flow; generalized joint 
and bone pains; soreness and fissuring at the 
corners of the mouth and nasal apertures; dry 
rough skin with brawny desquamation, peculiar 
pigmentation, excessive loss of hair, and gen- 
eralized pruritus; night sweats; and increased 
prominence of the eyes. Note should be made 
that x-rays of several long bones and joints 
revealed normal features, and that headaches 
were not included as part of the symptomatology. 
Her highest vitamin A level was 60 blue units. * 

Bifulco' in 1953 presented the case of a fifty- 
two year old woman with a four-year history of 
daily intake of 100,000 units of vitamin A. After 
one year on this regimen insomnia and listless- 
ness appeared. Subsequently, loss of hair, stiff- 
ness and pain in the joints, a patch of pigmenta- 
tion on the forehead, and increased prominence 
of the eyes were noted. Because of possible dental 
infection, teeth were extracted with resultant 
severe hemorrhage. Anorexia, marked loss of 
weight and spontaneous oozing of blood from the 
nose appeared. Menses, which had become ir- 
regular about one year after the onset of vitamin 


* Normal = 10 to 20 blue units. 
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A ingestion, ceased within the following two 
years. The eyes were prominent and pulsated, 
and the fundi disclosed abnormal pulsation of 
the retinal veins. A thumping headache devel- 
oped one month prior to the cessation of vitamin 
A ingestion and was still present six months after 
all vitamin A had been stopped. Cerebral 
angiography was performed but failed to dis- 
close an aneurysm. There was pain on flexion of 
all joints and marked tenderness was elicited 
over the long bones of the extremities. There was 
no joint swelling or deformity. No mention was 
made of x-rays. Headache and pulsation of the 
right eye persisted at the time of the report, all 
other manifestations having returned to normal 
several weeks after vitamin A was stopped. 


CASE REPORT 


S. L., a twenty-one year old unmarried white 
female was admitted on July 24, 1945, to hospi- 
tal “‘A.”? Her chief complaints were diplopia for 
five weeks and headaches and nausea for four 
weeks. Five weeks prior to admission she noted 
blurring of vision followed by diplopia. This 
persisted and was in turn followed by severe 
frontal headaches and nausea. Three weeks prior 
to admission the patient began to have incon- 
tinence of urine and nocturia, as well as oc- 
casional enuresis. She also developed urgency 
and frequency but no burning on urination. 
Systemic review revealed occasional joint pains 
occurring with inclement weather. She had a 
cold for two weeks, and a cough for one week 
prior to admission. Her family history revealed 
hypertension in two grandparents and cancer in 
a third. Menses began at twelve years with 
regular thirty-day cycles lasting five days with a 
normal flow. There was occasional dysmenor- 
rhea. She smoked one pack of cigarettes a day. 

The physical examination at this time showed 
temperature 99.6°F., pulse 84, respirations 20, 
blood pressure 105/75. She was a well developed, 
well nourished white female in no distress. The 
eyes reacted equally to accommodation and 
light. Pupils were round, the left slightly larger 
than the right. There was internal strabismus 
with uncrossed diplopia and nystagmoid twitch- 
ings in both lateral gazes, right more than left. 
After repeated lateral eye movements the nys- 
tagmus became more sustained. Fundus exam- 
ination showed both discs hyperemic, margins 
slightly blurred, slight venous congestion and a 
tiny hemorrhage near the right disc nasally. 
Bone conduction was greater than air conduction 
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on the left. Facial sensations, corneal reflexes 
and jaw motion were normal. Hearing was 
normal. Tongue movements, swallowing and 
taste were normal. The neck was supple and no 
glands were palpable. The lungs were clear to 
percussion and auscultation. Examination of the 
heart showed regular sinus rhythm, P» greater 
than A», the point of maximal impulse in the 
fifth intercostal space. There were no thrills or 
murmurs. The liver, spleen and kidneys were 
not felt and no abdominal tenderness was 
present. No costovertebral angle tenderness or 
vertebral tenderness was elicited. Motor power 
was normal in all limbs. The reflexes were 
symmetrical and equal throughout except for 
the right knee jerk which was greater than the 
left. No pathologic reflexes were elicited. ‘The 
finger to nose, heel to knee and pronation- 
supination tests were normal. Light touch and 
pinprick were normal throughout. Position and 
vibration were appreciated in the great toes; 
however, vibration was diminished generally on 
the left. Gait and speech were unimpaired. The 
patient was alert, intelligent and cooperative. 

X-ray of the skull showed some increase in the 
digital markings of the cranial vault. The sella 
turcica was normal in size and shape. No 
abnormal calcifications were demonstrated. 
Examination of the skull following direct 
ventricular injection of air showed that the 
anterior horns were well outlined. They showed 
some dilatation but no evidence of a shift. 
The bodies of both lateral ventricles, however, 
were poorly outlined. The posterior and inferior 
horns appeared normal. The visual fields on two 
separate occasions showed a small but definite 
constriction bilaterally, the left slightly more 
than the right. Visual acuity was O.D. 10/15, 
O.S. 10/10. 

The laboratory findings were as follows: 
urinalysis, 1 plus albumin on 2 occasions; red 
blood count 4,000,000; hemogloblin 81 per 
cent; white blood count 10,700, with a normal 
differential count; E.S.R. 3. mm./one hour; 
spinal fluid, glucose 56 mg. per cent, total 
protein 31 mg. per cent; ventricular fluid from 
the right side, total protein 15.6 mg. per cent; 
serologic tests for syphilis negative in blood and 
spinal fluid. 

During the patient’s stay a definite increase in 
the degree of choked disc was noted, more 
papilledema being present on the right than on 
the left. When she looked to the right the nystag- 
mus was definite and well sustained, the right 
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lateral deviation being greater than on the left. 
The patient also began to notice diplopia on 
straight gaze. On occasion she complained of 
pain in her left trapezius region and left leg. 
Ventriculography was done, both anterior 
ventricles being tapped. A moderate amount of 
clear colorless fluid escaped under increased 
pressure from the right anterior horn. When the 
head was tilted no additional fluid was obtained 
from the right anterior horn and therefore the 
left anterior horn was entered. Although air had 
been injected into the right anterior horn under 
increased pressure, no air bubbles appeared in 
the brain cannula when the left anterior horn 
was tapped and the fluid which escaped seemed 
to be slightly cloudy. Ventriculograms revealed 
the lateral ventricles to be normal in shape, size 
and position. The third and fourth ventricles 
were not well visualized. An electrocephalo- 
gram suggested posterior fossa tumor or some 
other subtentorial disturbance. 

The patient left the hospital on September 6, 
1945, with a diagnosis of intracranial neoplasm. 
Six days later she was admitted to hospital “‘B.”’ 
At this institution additional history was ob- 
tained. The patient stated that she had “icthyo- 
sis’ as long as she could remember and had 
been taking large doses of vitamin A for the past 
one and one-half years with remarkable im- 
provement of the skin. Otherwise both history 
and physical examination were unchanged. 
X-ray of the skull confirmed the impression of 
increased intracranial pressure. Because of the 
normal lateral ventricles the neurosurgeon be- 
lieved that poor visualization of the third and 
fourth ventricles was not due to obstruction at 
the foramen of Monro, aqueduct of Sylvius or 
the fourth ventricle. He favored a diagnosis of 
serous meningitis and performed a right sub- 
temporal decompression. There was a continued 
outpouring of fluid after the dura was incised. 

She was readmitted to hospital ““B’’ on August 
15, 1946, approximately eleven months after 
her previous discharge. She had remained 
‘relatively well’? until six weeks before this 
admission, when she began to have pain in the 
region of the seventh right rib in the anterior 
axillary line. This pain seemed to spread pos- 
teriorly to the region of the ninth thoracic 
vertebra and later also to the right ninth costo- 
chondral junction. At times she noticed that her 
legs began to feel heavy. Three days before 
admission she noticed numbness in the saddle 
area. Her right-sided chest pain was accentuated 
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by coughing and sneezing but not by straining. 
It was also increased if the patient lay on her 
abdomen. 

Physical examination at this time revealed a 
markedly bulging area at the site of the previous 
subtemporal decompression. The neck was 
quite supple but extreme flexion caused the 
patient’s chest pain to appear. Although the 
fundi showed rather full veins, the discs were 
well outlined. There was some diplopia on left 
lateral gaze and some left central facial weakness. 
Sensory and motor findings were normal. Re- 
flexes were active and equal except for some 
hyperactivity of the biceps jerk on the left. 
Hoffmann’s sign was positive bilaterally. There 
was localized tenderness over the lower chest 
wall at about the ninth right rib anteriorly. 
No spine tenderness was elicited. 

Studies at this time showed the urine and the 
blood count to be normal. The urea clearance 
test and the blood sugar, urea nitrogen, total 
protein and cholesterol were within normal 
limits. —The cephalin flocculation and thymol 
turbidity tests were normal. A lumbar puncture 
revealed clear fluid under normal pressure with 
a negative Pandy test. X-ray of the chest failed 
to reveal any local pathologic condition of the 
bone. The x-ray of the spine showed some hyper- 
trophic lipping of the contiguous surfaces of the 
fifth and sixth thoracic vertebrae. Skull x-rays 
were normal except for the bony defect of the 
previous decompression. A pneumonecephalo- 
gram was likewise normal. Intravenous pyelog- 
raphy showed no abnormality. 

During her hospitalization of two and one- 
half months there was no improvement. She 
was treated with thiamin chloride for possible 
intercostal neuritis. Radiation therapy also 
failed to cause any lessening of her pain. The 
medical consultant believed that her pain was 
probably unrelated to her cerebral lesion. The 
neurologist suggested that such pain is often the 
result of medulloblastoma metastases, although 
in this case a large psychic element had to be 
considered. There was no improvement and the 
patient was discharged with the diagnosis of 
costalgia, cause unknown. 

The patient was admitted to hospital “‘C”’ on 
February 10, 1947, because of persistence of her 
complaints. Examination revealed a markedly 
bulging right subtemporal decompression. The 
fundi showed pallor and the disc margins were 
somewhat indistinct. There appeared to be 
atrophy of the right rhomboid and _ supra- 
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scapular muscles. The right scapula was winged. 
The patient stood in a position of forward flexion 
and because of pain in the right hip and knee 
favored the right lower extremity in walking. 
Blood studies included a serum phosphorus of 
4.0 mg. and alkaline phosphatase of 6.2 units. 

X-rays of the chest, dorsal spine and foramen 
magnum were considered normal. Fever therapy 
with typhoid vaccine was given but the results, 
while definite, were far from dramatic. A tanta- 
lum cranioplasty was performed and the patient 
was discharged on April 7, 1947. The discharge 
diagnosis was chronic encephalitis. 

One month later the patient was admitted to 
hospital ““D”’ with a febrile illness of eight days’ 
duration during which period the pains in her 
knees, elbows, right hip and left shoulder had 
become aggravated. The exact nature of this 
acute illness was never determined. While 
physical examination of the chest was always 
negative, indefinite findings on lung x-ray sug- 
gested a pneumonitis. Many tests and observa- 
tions were made during this hospitalization, the 
most significant of which were: sparse eyebrows, 
pigmentation over the skin of the abdomen, 
hepatosplenomegaly, moderate anemia and 
marked tilting of the pelvis. Tests for liver 
function were normal, including BSP and 
hippuric acid excretion tests. 

During this hospitalization her bone and joint 
pains continued and her deformity seemed more 
marked. It was noted that while the pain in her 
back persisted, she was comfortable when per- 
fectly quiet. Her greatest difficulty occurred with 
change in position after a period of rest. The 
back muscles showed spasm of moderate degree 
and there was a flexion contracture of the right 
hip. The hip joint was entirely normal, motion in 
all directions being free and painless, with no 
tenderness present. Moderate tenderness was 
noted in the right iliolumbar angle, with negli- 
gible tenderness of the spine and sacroiliac 
joints. A plaster of Paris spica was applied from 
the nipple line to the middle of the right leg. 
On July 14, 1947, she was discharged. When she 
returned five weeks later for removal of the cast 
there was no apparent improvement. At this 
time the liver was felt one and one-half finger- 
breadths below the costal margin. The skin was 
uniformly hyperpigmented, dry and _ shiny. 
The palms were cracked and scaling. One 
neurologist believed that the picture was one of 
cerebral and posterior root disorder, at various 
times affecting the thoracic and lumbosacral 
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segments. He believed that the hepatosplenomeg- 
aly had a common etiology with that of the 
neuropathology and therefore diagnosed enceph- 
aloradiculitis due to a virus infection. 

The patient re-entered hospital ‘““D’’ for the 
third time in five months because physiotherapy, 
which had been started during her previous 
admission and continued while at home, failed 
to arrest the progress of her disease or alleviate 
her symptoms. It was noted that she had con- 
tinued to take 500,000 units of vitamin A daily 
for her skin condition and this was continuously 
administered during her hospital stay. Right 
lateral rotatory nystagmus was present. The 
lips showed desquamation, and the pigmented 


_ skin was noted to be most prominent over the 


left mid-abdomen. Tests for Addison’s disease 
were negative. Biopsy of the skin did not show 
hemosiderin deposits. The basal metabolic 
rate was minus 1 per cent. Special oblique studies 
of the lumbar vertebrae showed no abnormality, 
although she now had a completely rigid 
‘“‘poker”’ spine. A plaster jacket was applied from 
the groin to the axilla with considerable relief. 
At the time of discharge on November 11, 1947, 
she still had a two-fingerbreadth enlargement of 
the liver. 

Five months later, April 6, 1948, she had a 
muscle biopsy at hospital “‘E.’? Microscopic sec- 
tions failed to reveal lymphoid infiltration. The 
following month she was readmitted because of 
multiple severe joint pains and inability to walk 
straight. The physical examination showed 
diplopia on lateral gaze, limited chest expansion, 
drooping right shoulder, elevated right hip, 
shuffling gait, bilateral hip limp, rigid back, 
generally limited joint motion, trunk inclined 
forward and flexion contractures of the knees 
and hips. X-ray studies were read as showing 
incomplete fusion of the bodies of the fourth 
and fifth cervical vertebrae, an ankylosing proc- 
ess of the upper dorsal spine, a slight list of the 
lumbar spine to the left without evidence of an 
arthritic process, and moderate arthritic changes 
in both sacroiliac joints. 

The following were described as radiograph- 
ically normal: chest, right shoulder girdle, both 
hips and right knee. Laboratory studies revealed 
an elevated sedimentation rate and increased 
blood alkaline phosphatase. The patient was 
treated with orthopedic measures and discharged 
to the outpatient department for continued 
physiotherapy. The discharge diagnoses were 
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Marie-Striimpell arthritis and generalized in- 
fectious arthritis. 

During the next five-year period she was 
treated by chiropractic and osteopathic methods 
with no improvement in her status. Bone pains 
had increased and disability was more marked. 
She continued the use of vitamin A in doses of 
500,000 units daily. 

She first came under our care on February 5, 
1953. We were aware of reports dealing with the 
toxic effects of vitamin A and suspected that 
our patient’s illness could be on this basis. 
Accordingly, blood was drawn and examined for 
vitamin A content. When this was found to be 
unusually high, hospitalization was advised. 

She was admitted to the Jewish Hospital of 
Brooklyn on February 12, 1953, because of 
progression of the complaints for which she had 
been previously hospitalized. In the past five 
years she had lost 20 pounds as a result of 
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1B 
Fic. 1. A and B, patient at time of admission. Note bulge in right temporal area. 


anorexia, severe diffuse pruritus and inability to 
sleep because of pain. | 

Examination revealed an alert, cooperative, 
intelligent female in constant pain aggravated 
by any attempt to change her position. (Figs. 1A 
and B.) The blood pressure was 110/70, pulse 
90 and respirations 18 per minute. The right 
subtemporal decompression was tense and 
bulged markedly. Her pupils were round, regu- 
lar, equal in size, and reacted to light and ac- 
commodation. Neither diplopia nor nystagmus 
was present. The fundi were normal. The 
mucous membranes of the mouth were normal. 
Many teeth were missing but those remaining 
were normal. No adenopathy was present. The 
thyroid gland was not palpable. The breasts 
were normal. The lungs were clear to percussion 
and auscultation and the heart was normal. No 
abdominal masses or organs were palpable. 
Rectal examination was negative. The results of 
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neurologic examination were as follows: cranial 
nerves intact; cerebellar tests normal; sensory 
and motor systems intact; reflexes equal through- 
out except for the right knee jerk which was 
greater than the left; no pathologic reflexes. 
Dermatologic findings were: thinning of scalp 
hair, axillary hair and eyebrows; nails normal; 
skin diffusely pigmented, coarse over most of the 
body, but dry, shiny and somewhat atrophic with 
associated loss of lanugo hair over the arms and 
legs; elbows keratotic and scaly; palms and soles 
scaling, with deeply marked furrows and dried 
blebs; many scratch marks throughout. Ortho- 
pedic examination showed: temporomandibular 
joints and facial muscles normal; neck move- 
ments normal in range and strength; spine fixed 
in extension although tilted forward and slightly 
to the left, without tenderness but painful on 
motion; extreme paravertebral wasting; rib 
cage fixed and tender on compression; right 
shoulder painful on elevation to 90 degrees and 
fixed after 110 degrees; elbows, wrists and fingers 
normal; left hip relatively normal; right hip 
painful with limitation of terminal 30 degrees of 
extension and 50 degrees of abduction; the feet 
showed fixed hallus valgus. 

Laboratory studies were as follows: hemo- 
globin.74 to 81 per cent (15 gm. = 100 per cent); 
red blood count 3.7 to 4.4 million; white blood 
count 6,400 to 7,400; polymorphonuclears 64 
per cent, bands 1 per cent, lymphocytes 31 per 
cent, monocytes 2 per cent, eosinophils 1 per 
cent, basophils 1 per cent, platelets adequate; 
hematocrit 42 per cent. Bone marrow aspiration 
normal; myeloblasts 5 per cent, neutrophilic 
myelocytes 9 per cent, eosinophilic myelocytes 
0, metamelocytes 38 per cent, staff forms 39 per 
cent, polymorphonuclears 6 per cent, eosinophils 
3 per cent, megakaryocytes adequate, granulo- 
cyte: polymorph ratio 91:9; granulocyte: eryth- 
rocyte ratio 90:10; red cell sedimentation rate 
22 mm./one hour; bleeding time two minutes; 
clotting time three minutes fifteen seconds; 
urinalysis, specific gravity 1.022, albumin 0, 
sugar 0, microscopic examination negative; 
basal metabolism, plus 12 and plus 10; electro- 
cardiogram within normal limits. (See Table 1 
for chemical determinations. ) 

The results of x-ray examination were as fol- 
lows: Skull: right subtemporal decompression 
with tantalum plate in situ; slight thinning of 
vault of skull; slight hyperostosis frontalis 
interna. Shoulders: thinning of wings of scapulae, 
more marked on left; thin rim of calcification 
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parallel to rim of glenoid fossa. Ribs: normal. 
Dorsal spine:, narrowed intervertebral spaces 
with thinly calcified anterior spinal ligament; 
moderate decalcification of vertebral bodies; 
pedicles and laminae intact; interpedicular 
distances normal. Lumbar spine: straightened 


TABLE I 
BLOOD DETERMINATIONS 
March 3 | April 14 
Tctal protein, gm./100 cc........ 7.6 
Albumin/globulin ratio. ........ 1.6 
Vitamin C* (normal = .7-2.5)... 
Total cholesterol*.............. 207 227 222 
% Free cholesterol............. 32 28 28 
CO2z combining power (vol. %)...| 61.6 60.9 56.0 
Incrganic phosphorus*.......... 3.8 3.4 4.1 
Alkaline phosphatasef........... 3.3 3.6 3.7 
Amylase (somogyi units).........| 70 
Phospholipid phosphorus*....... 10.5 
Total lipid (Bloor method)*.... . 
Prothrombin time.............. 14.4 sec 
Prothrombin time control........| 10.1 sec 
Protein-bound iodine wg./%.....| | 1.8 
(normal = 3-8) 
Citric Acid* (normal = 1.5-—2.6) 
Date 
2/23 1.9 
2/24 (1.9 
2/25 1.8 
2/26 1.7 
2/27 1.7 
Prothrombin consumption test: 48 .6 sec. 
Prothrombin consumption control: 43.4 sec. 
Prothrombin Dilution Test: 
100% Plasma 13.2 sec. 
75% Plasma 16.8 sec. 
50% Plasma 21.8 sec. 
33% Plasma 30.5 sec. 
16.5% Plasma 59.3 sec. 
* Milligrams per 100 ml. 
+ Bodansky units. 
URINE DETERMINATIONS 
( Twenty-four-hour Excretion) 
CS 726 mg./1,260 ml. (Normal = 100- 
300 mg.) 
Citric acid. ............. 760 mg./total (Normal = 200- 
914.5 mg./1,180 ml. | 1,200 mg.) 
Phosphorus............. 878 mg./1,260 ml. (Normal = 800— 
652 mg./1,180 ml. 1,300 mg.) 


lordotic curve; moderate decalcification of 
vertebral bodies; intervertebral spaces normal; 
minimal spur formation at anterior aspects of 
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2A 
Fic. 2. A, anteroposterior roentgenogram of lumbar spine. Note the calcification in the ligamenta flava (letters 
L overlying these structures between the third and fourth and fourth and fifth lumbar vertebrae). Similar 
changes exist in the ligamenta flava between the neural arches of the upper lumbar vertebrae. B, right posterior 
oblique roentgenogram of lumbar spine. The white arrows point to the calcified ligamenta flava. The black 
arrows indicate the loss of definition of the apophyseal joints, with narrowing of the joint spaces. 


Fic. 3. Anteroposterior roentgenogram of pelvis. 
Periosteal elevation along ischial ramus (A), and cal- 
cification in articular capsule (B) are indicated by the 
respective black arrows. 


2B 


upper lumbar vertebral bodies; apophyseal 
joints narrowed, with loss of definition of their 
articular surfaces; moderate calcification of 
ligamentum flavum; slight calcification of 
iliolumbar ligaments. (Figs. 2A and B.) Pelvis: 
sacroiliac joints normal; pelvic inlet distorted 
because of inability of patient to assume recum- 
bent position; calcification in periosteal eleva- 
tions and probable bone formation in lateral 
aspects of both iliac bones just above acetabular 
sockets; calcification in capsule of hip joint at 
insertion into superior rim of acetabulum bilater- 
ally; similar but lesser degree of calcification in 
inferior aspects; shaggy appearance of ascending 
ramus of right ischium; a single spur-like projec- 
tion of ascending ramus of left ischium and of 
lesser trochanter of right femur. (Fig. 3.) Hands: 
normal. Feet: normal. Knees: calcification at 
anterior tibial tubercles and anterior inferior 
aspects of patellas bilaterally; local thickening at 
upper medial aspect of left tibia; bony densities 
not disturbed. (Fig. 4.) Os calcis: calcification at 
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insertion of achilles and plantar tendons 
bilaterally. | 

Skin biopsy from the mid-abdomen showed 
moderate hyperkeratosis with thickening of the 
granular layer which contained foci of dyskerato- 
sis as evidenced by marked vacuolization of the 
cells; dense hyperpigmentation of the basal layer 
with intracellular melanin involving some of the 
overlying cells of the prickle layer; normal 
corium. The diagnosis was hyperkeratosis with 
pigmentation. 

Bone biopsy from the right tibial tubercle 
showed broad osseous trabeculae which in places 
presented calcification of the cartilage, thicken- 
ing of the periosteum and normal marrow spaces. 
(Fig. 5A and B.) The diagnosis was calcification 
in cartilaginous tissues with thickened periosteum. 

Immediately after the patient was admitted to 
the hospital all vitamin A medication was 
stopped and she was given a normal hospital 
diet. * Within two and a half weeks her itching 
had disappeared and there were no further 
evidences of scratch marks. At the end of one 
month her/skin texture had improved, her bone 
pains were markedly diminished, her appetite 
was excellent and she had gained weight. Six 
weeks after admission she woke one morning with 
marked dizziness and diplopia. There was no 
headache. Nystagmus was present on lateral 
gaze. The fundi were normal. Her diplopia 
gradually receded and was completely gone by 
the end of one week. Two months after vitamin 
A medication had been stopped, all spontaneous 
pain had gone and no further sedation was 
needed. Her posture had begun to improve. 

During her stay she had three normal men- 
strual periods occurring at monthly intervals 
and lasting five days with a normal flow. Her 
improvement was continuous and she was dis- 
charged on April 26, 1953. 


COMMENT 


Hypervitaminosis A may result from the 
ingestion of large amounts of vitamin A con- 
centrates taken alone or in combination with 
other vitamins or minerals. Large doses of 
vitamin A are used in the treatment of skin, 
eye, renal, gynecologic and ear disorders as well 
as the common cold. The minimal daily require- 
ment of vitamin A is 5,000 to 7,000 international 
units. In the usual diet this requirement is 
derived from both vitamin A and its precursor 


* 7,500 units of vitamin A daily. 
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Fic. 4. Lateral roentgenogram of left knee. White 
arrows point to calcification in infrapatellar ligament. 


carotene, which is converted in the intestinal 
wall and possibly elsewhere, into vitamin A.?3—*5 
The conversion of carotene to vitamin A is 
limited and may not provide sufficient vitamin A 
to maintain the patient during stress.** More- 
over, there is evidence to indicate that the con- 
version of carotene to vitamin A is impaired in 
some diseases, such as diabetes.*’—*4 

Vitamin A is absorbed as the free alcohol and 
is esterified in the intestinal wall. Following 
vitamin A intake the rise in serum levels is due 
to the ester fraction, most of which is then 
deposited in the liver as such.”!:4° Vitamin A 
alcohol levels are not directly influenced by 
ingestion. The vitamin A alcohol level seems to 
be a measure of vitamin A storage.*® In severe 
infection, in hepatocellular disease and in 
vitamin A depletion the plasma vitamin A 
alcohol level is usually low. The normal vitamin 
A blood level is 30 to 70 ug. and may rise to 
1,000 to 2,000 ug. soon after the ingestion of 
very large doses of vitamin A. This is a temporary 
state and does not alter the subsequent fasting 
level. 

The fasting level of 2,000 ug. per 100 cc. in our 
patient is the highest reported in man. Unlike 
such high levels observed following administra- 
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Fic. 5. Right tibial tubercle biopsy. A, note the marked periosteal thickening; B, note the calcification in the carti- 


laginous tissue. 


tions of vitamin A, most of the blood vitamin A 
content in this patient was in the form of the 
free alcohol, not as ester. This high percentage 
of vitamin A alcohol with high total blood levels 
of vitamin A has been observed in a child 
reported by one of us.”! There is a possibility 
that not only the total vitamin A but the rela- 
tively high percentage of alcohol has significance 
in the diagnosis of hypervitaminosis A. In the 
previously reported adult cases the vitamin A 
level was 60 blue units* in one and unrecorded 
in the other. 

The high vitamin A blood level of our patient 
was the result of continued daily ingestion of 
vitamin A for eight and one-half years. After four 
months of taking 25,000 units daily, she in- 
creased her dosage to 50,000 units and then 
rapidly to 500,000 units daily. On occasion, an 
additional dosage of 500,000 units was taken. 
The preparations of vitamin A which she had 
taken were stated by their manufacturers to be 
free of vitamin D. 

During the course of this study, we had the 

* Normal = 10 to 20 blue units. 


opportunity of examining the blood of four 
other patients who had taken large doses of 
vitamin A over prolonged periods of time. While 
we cannot be certain that blood levels are a 
good index of vitamin A storage, they may be an 
index of toxicity since the transfer of vitamin A 
in the body is related to blood levels rather 
than to the total amounts of vitamin A stored. 
One patient had taken 25,000 units daily for 
three years, then 25,000 to 50,000 units for the 
next three years, and finally 50,000 to 100,000 
for two years. Her fasting blood level was 120 
ug. per 100 cc. Another patient who consumed 
between 25,000 and 50,000 units daily for six 
years had a fasting level of 88 wg. per 100 cc. A 
third patient took 25,000 units daily for six 
years and had a normal fasting level of 60 wg. per 
100 cc. A fourth patient who took 50,000 units 
daily had a fasting level of 225 wg. per 100 cc. 
after eight months. Only the first and last pa- 
tients had any complaints referable to possible 
vitamin A toxicity. Both had headaches which 
subsided soon after they stopped vitamin A 
therapy. It is apparent that individual factors 
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greatly affect the size and duration of the dose 
that will produce toxic effects. 

Daily vitamin A plasma levels were deter- 
mined during the eleven weeks of hospitalization 
to observe changes in the blood levels while the 
patient was on a normal hospital diet. (Fig. 6.) 
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the alcohol, ester or total vitamin A level in the 
blood is the best measure of vitamin A storage, as 
we did not attempt to assay the liver or other 
tissues for vitamin A content. We are unable to 
explain the change in serum vitamin A alcohol- 
ester relationship in the light of present concepts 


2 = ro} 
n 
TT “TT T 
~ 
> 
> 
ly 
~J 
: 
— TOTAL VITAMIN'A’ 
— — VITAMIN'A’ ALCOHOL 


ESTER 


Fic. 6. Vitamin A blood levels during first ten weeks of hospitalization. 


Vitamin A partitions into the alcohol and ester, 
together with the carotene level, were followed 
daily. Apart from the admission blood carotene 
level of 360 wg. per 100 cc., all carotene levels 
were between 180 and 290 pg. per 100 cc. 
(normal 54 to 310). At the onset the vitamin A 
levels, while extremely high, maintained the 
ratio of 20 per cent ester to 80 per cent alcohol. 
Immediately after stopping the vitamin A intake, 
there was a precipitous fall in the total vitamin A 
level, which reflected a parallel fall in the vita- 
min A alcohol. (Fig. 6.) However, during the 
first week while the alcohol fraction was falling, 
the ester fraction showed a very marked rise so 
that the ratio of ester to alcohol became re- 
versed. This reversed ratio persisted. 

We cannot establish from this study whether 
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of vitamin A metabolism. Is the vitamin A now 
being transported from the liver to the tissue in 
the form of ester? Has excess vitamin A in ester 
form been deposited in depots other than the 
liver, and is it now being released to the cir- 
culation in this esterified form? This would be 
consistent with the disappearance of hepatic 
enlargement. While the patient presented 
hepatomegaly during a six-month period, it was 
not present during the latter years of her illness 
in spite of continued excessive intake of vitamin 
A. This would not be expected if liver enlarge- 
ment is considered an expression of vitamin A 
deposition. Repeated laboratory studies during 
her illness showed no evidence of impaired 
liver function, even when hepatomegaly was 
present. While liver enlargement has been found 
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frequently in children with vitamin A toxicity, it 
has not been noted in the previously reported 
adults. Splenomegaly, which was present in 
Josephs’ case, was found in our case at one time. 

Vitamin A tolerance tests carried out with 
half and full doses revealed no deviation from 
the normal. They showed the rise to be in the 
ester form while the alcohol fraction remained 
relatively unchanged. 

Josephs!!:47 observed that a rise in serum 
lipids occurs early in the course of vitamin A 
toxicity, only to return to normal in spite of 
continued massive dosage. In our case the blood 
lipids were normal. 

Alkaline phosphatase studies made while the 
patient was under our observation were re- 
peatedly normal. However, six years before, 
elevated levels were found for a period of more 
than one year in two different hospitals. This 
finding is in agreement with the elevated levels 
found in many of the cases reported in children. 
This increase in serum alkaline phosphatase is 
probably associated with an increase in bone 
metabolism. In a previous adult case no altera- 
tion in the serum alkaline phosphatase was 
noted. 


There has been interest in vitamin A as an 


agent in the prevention of renal calculi. In 
nephrolithiasis urinary citric acid tends to be 
low, and it has been observed that aqueous 
dispersions of vitamin A may cause a rise in the 
urinary citric acid level with possible resulting 
increased solubility of calcium stones.‘ We 
undertook studies of the blood levels and urinary 
excretion of citric acid, calcium and phosphorus. 
These blood findings were repeatedly within 
upper normal limits, as were the urinary excre- 
tion of citric acid and phosphorus, both in 
twenty-four-hour total output and concentra- 
tion. However, the calcium excretion in the 
urine was markedly increased in both concentra- 
tion and amount. 

Rodahl** found that animals with experi- 
mental hypervitaminosis A showed low ascorbic 
serum levels and decreased amounts of ascorbic 
acid in the adrenals and liver. Moore and 
Wang**® were unable to confirm this finding. 
Gribetz et al. did not find evidence of vitamin C 
deficiency in their studies and our patient had a 
normal vitamin C blood level. There were 
no clinical manifestations of scurvy. 

Studies were made to determine the effects of 
menstruation, starvation, large amounts of 
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alcohol, cortisone and operative procedures upon 
the total blood vitamin A levels as well as upon 
the alcohol and ester fractions. 

It has been observed that normal women have 
a cyclic change in the serum vitamin A level 
which reaches a minimum at the time of men- 
struation and a maximum between menstrual 
periods.®°® This variation was not noted in our 
patient, who failed to show any appreciable 
change in relation to the menstrual cycle. The 
toxic levels exhibited by our patient could well 
have masked the slight changes noted in normal 
women with normal blood levels. 

On two consecutive days the patient was 
given a pint of wine in addition to her regular 
diet. No influence on the vitamin A level was 
noted. Likewise, no appreciable effect was 
noticed after short periods of starvation. Because 
of the report that cortisone causes depletion in 
the amount of vitamin A present in the liver 
of the rat, our patient was given cortisone in 
doses of 300, 200, 100 and 100 mg. consecutively 
for four days.*! No significant changes occurred 
in the vitamin A levels. This does not mean that 
the vitamin A stores were not affected. It would 
be of interest to observe the effect of cortisone in 
a patient presenting acute symptoms of hyper- 
vitaminosis A. 

Biopsy of the tibial tubercle was performed 
under intravenous sodium pentothal anesthesia. 
There was a seventy-two-hour rise in_ the 
level of vitamin A from 350 yg. to a peak of 
490 wg. This was due entirely to an increase 
in the ester fraction. During the following 
seventy-two hours the esters returned to their 
previous level. The alcohol fraction, which had 
remained unchanged throughout, rose markedly 
on the fifth and sixth postoperative days and 
then fell to the previous level. This vitamin A 
must have come from the body stores and it is 
interesting to note that the original rise was in 
the ester rather than in the alcohol fraction. 


NEUROLOGIC CONSIDERATIONS 


There is much evidence to indicate that 
vitamin A poisoning may produce intracranial 
disturbances.!*:!6!8 In infants massive doses of 
vitamin A resulted in a marked increase in the 
cerebrospinal fluid pressure with bulging of the 
fontanelle. Cerebral manifestations such as 
severe headache, nausea, vomiting, dizziness, 
drowsiness and irritability are seen in adults 
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who receive massive doses of vitamin A.*:!%!9 
Both Gribetz and Arena have reported enlarge- 
ment of the head in children with chronic 
hypervitaminosis A. In each instance there was a 
return to normal following withdrawal of 
vitamin A medication. In the case reported by 
Bifulco headaches played a prominent part. 
Since the headaches were associated with 
bilateral pulsating exophthalmos, Bifulco’s pa- 
tient was hospitalized for cerebral angiography 
which failed to disclose the suspected aneurysm. 
At the time of his report the exophthalmos had 
completely receded although pulsation of the 
right eye persisted. ‘The exact nature of this 
mechanism is not apparent. However, the 
absence of an aneurysm, the recession of the 
exophthalmos, and the disappearance of the 
pulsation of the left eye since the withdrawal of 
vitamin A indicate a causal relationship. 

In the case here reported the primary mani- 
festations were headache, blurred vision, di- 
plopia and nausea. These led to a diagnosis of 
serous meningitis, a condition of increased 
intracranial pressure considered to be due to 
thrombosis of the dural venous sinuses second- 
ary to infection or, more rarely, trauma;*? at 
times there has been no apparent etiology for 
the condition and Davidoff and Epstein®* re- 
ported a series of cases which occurred mainly in 
young people with a history of infection of the 
middle ear or mastoid. When our patient was 
first seen by us the subtemporal decompression 
which had been done to relieve the suspected 
serous meningitis was still tense and bulging. 
Ten weeks after the excessive vitamin A intake 
was stopped, the decompression was completely 
soft. If she is to be considered to have had serous 
meningitis, vitamin A toxicity must be added to 
the causes of this condition. We have no knowl- 
edge as to whether dural vein thrombosis was 
present in this case but there is enough evidence 
to show that either excess production or de- 
creased absorption of spinal fluid results from 
vitamin A toxicity. No other explanation can 
account for the persistence of a tense bulging 
decompression until vitamin A excess was 
stopped. The transient episode of diplopia and 
nystagmus that occurred during her hospital 
stay took place while her blood level was 
444 wg. (more than seven times normal) and 
therefore while she was still experiencing vitamin 
A toxicity. The decompression has remained 
soft and no further cerebral manifestations have 
occurred since her discharge from the hospital. 
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SKELETAL MANIFESTATIONS 


Our case is the only adult yet reported to 
demonstrate bone changes. Although bone pains 
and disability were present in both previously 
reported adult cases, no x-ray changes were 
noted in the one case in which they were sought. 
Radiologic findings in our patient were present 
in the dorsal and lumbar spine, pelvis, femora, 
patellae, tibiae, os calcii, scapulae and skull. 
The fundamental disorder consisted of calcifica- 
tion, with or without true bone formation, of 
the pericapsular, ligamentous, tendinous and 
subperiosteal structures. Also noted were de- 
calcification in the skull, scapulae and vertebral 


bodies. The periosteal changes were the same 


as observed in the cases of hypervitaminosis A in 
children. The bone changes were far more 
extensive, however, probably due to the longer 
period of toxicity. Biopsy of the tibial tubercle of 
our patient showed thickened periosteum with 
secondary calcification. ‘These findings are 
similar to those of Rineberg and Gross** whose 
biopsy of a child’s fibula “‘showed a strip of newly 
formed, poorly calcified bone of coarse fibered 
structure such as is usually seen in ordinary 
productive periostitis.’” Six months after vitamin 
A intake was stopped the child’s x-rays showed 
the subperiosteal calcification to have completely 
disappeared. 

Except for those changes found in the spine of 
our patient, no similar alterations are demon- 
strated by any other disease. The spine changes 
had been diagnosed as Marie-Striimpell arthritis 
during a previous hospitalization elsewhere. In 
our opinion there are marked differences be- 
tween the two conditions. In Marie-Striimpell 
arthritis the sacroiliac joints are usually involved 
early and progress with the disease; the anterior 
spinal ligaments show extensive calcification; 
there is progressive osteoporosis of the vertebral 
bodies; calcification of the ligamenta flavae is 
absent; and clinical improvement occurs slowly, 
if at all, with therapy.®> On the other hand, in 
hypervitaminosis A we have noted that the 
sacroiliac joints are spared; that only minimal 
calcification of the anterior spinal ligament 
occurs; that there is only minimal decalcifica- 
tion of the vertebral bodies; that the ligamenta 
flavae are calcified; and probably most impor- 
tant, clinical improvement is marked and rapid 
upon the discontinuance of excessive vitamin A 


intake. 
The marked decalcification of the scapulae 
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may be related to the high excretion of calcium 
in the urine. This in turn may be the result of 
hypervitaminosis A or inactivity. : 

Studies made in our patient at the time of 
discharge from the hospital revealed no ra- 
diologic improvement in spite of her marked 
clinical improvement. It is known that in 
children there is reversibility of the bone find- 
ings although these lag far behind the disap- 
pearance of symptoms. It is too early to know 
whether a similar return to normal will occur 
in our case. 

The mechanisms that are responsible for the 
bone changes in our patient are uncertain. 
Wolbach*® found acceleration of epiphyseal 
cartilage cell growth and maturation of the 
remodeling processes involved in bone growth 
in the course of his animal experimentation with 
hypervitaminosis A. There was accelerated 
periosteal bone formation in some areas whereas 
in others there was accelerated resorption of bone 
with osteoclasis. He found no cause for these 
changes in the parathyroids, thyroids, adrenals 
or pituitaries of his animals and concluded that 
the changes were probably due to a local vitamin 
A effect. Fell and Mellanby®’ subsequently 
demonstrated by means of tissue culture that the 
changes in bone were a direct effect of vitamin A 
locally. In our case the high blood level of 
vitamin A would favor the transportation of 
larger amounts of vitamin A than would other- 
wise occur. 


DERMATOLOGIC MANIFESTATIONS 


Dermatologic reactions to excessive intake of 
vitamin A have been reported consistently in 
both the acute and chronic states. Polar ex- 
plorers who ate bear liver had peeling of the 
skin as early as two days after the high vitamin 
A repast. Associated with other symptoms and 
signs of toxicity in animals were skin lesions 
which ranged from disheveled fur to alopecia, 
seborrhea, exfoliation, hemorrhagic dermatoses 
and dry, cracked mucous membranes. 

In the chronic intoxication of humans, pruritus 
is an early and often severe symptom. Fissuring 
and soreness at the corners of the mouth may 
appear and disappear in spite of continued use of 
vitamin A. Coarsening of the skin and alopecia 
are reported by almost all observers. Loss of 
the fine lanugo hairs of the extremities is also 
occasionally noted. Pigmentation of localized 
areas of skin was noted first by Sulzberger and 
again by Bifulco. In our patient pigmentation of 
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some areas of skin was so marked that Addison’s 
disease had been considered. 

Our patient had suffered all of the skin mani- 
festations cited during the prolonged course of 
her illness. Because disease of the skin was the 
initial reason for vitamin A therapy, the changes 
that took place during the course of toxicity were 
overlooked. Pruritus and thick, scaling, cracking 
palmar skin were the most distressing derma- 
tologic manifestations of vitamin A toxicity. 

The mechanisms responsible for the skin 

manifestations are far from clear. As to the 
pigmentation in our patient, we believe that it 
was probably secondary to the continued trauma 
of severe pruritus. The pigmentation was most 
marked over the abdomen and back where 
scratch marks were most evident during the 
early days of her last hospitalization. Biopsy of 
the skin of the abdomen showed hyperkeratosis 
and marked pigmentation. 
_ Sulzberger considered hypovitaminosis A and 
hypothyroidism in the differential diagnosis 
because of the similarity of their dermatologic 
findings to those of hypervitaminosis A. That a 
definite antagonism exists between vitamin A 
and thyrotropic hormone has been established 
by animal experimentation.*® In our patient 
two basal metabolic determinations made in the 
early days of her present hospital admission were 
recorded as plus 12 and plus 10. However, dur- 
ing this period the bone pains were so severe 
that one could question whether she was in a 
truly basal state. The protein-bound iodine was 
repeatedly lower than normal during the present 
hospital admission. The radio-active iodine 
uptake three weeks after discharge from the 
hospital was normal. Our case does not sub- 
stantiate or deny the thyroid relationship found 
in experimental studies with vitamin A. 

Two and a half weeks after withdrawal of 
vitamin A excess, pruritus had completely disap- 
peared. In one month the texture of the skin 
had improved. In two and a half months, lanugo 
hairs reappeared, the eyebrows became heavier 
and the scalp hair was more profuse. Pigmenta- 
tion was not altered. 


HEMORRHAGIC MANIFESTATIONS 


Hemorrhage is a prominent feature of vitamin 
A intoxication in animals and often leads to 
death even in the absence of trauma. The 
hemorrhages were shown by Light et al.°* to be 
the result of hypoprothrombinemia and were 
controlled by the simultaneous administration 
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of vitamin K. No consistent hemorrhagic phe- 
nomena have been observed in children al- 
though sporadic instances of epistaxis were 
noted. The child reported by Josephs had a 
post-tonsillectomy hemorrhage. No abnormal 
bleeding was found in the adult patient reported 
by Sulzberger, while Bifulco’s patient had a 
severe hemorrhage following dental extractions. 
These were empirically treated with vitamin K 
and the bleeding was controlled. There were no 
studies to ascertain the mechanism for these 
hemorrhages. In our patient there were no 
hemorrhagic manifestations. Her menstrual 
cycle was consistently normal, and she under- 
went dental extractions, bone biopsy and skin 
biopsy without excessive bleeding. Studies of 
prothrombin levels, prothrombin consumption, 
blood platelets, bleeding and coagulation time 
were all normal. 


SUMMARY AND CONCLUSIONS 


A case of chronic hypervitaminosis A in a 
twenty-eight year old white female is described. 
Over a period of eight and a half years she was 
hospitalized ten times because of complaints 
referable to vitamin A _ intoxication. Many 
diagnoses had been made, including brain 
tumor, serous meningitis, chronic encephalitis, 
viral radiculoencephalitis, psychoneurosis and 
generalized infectious arthritis. Her bizarre 
clinical picture led to additional investigations 
to exclude Addison’s disease, dermatomyositis 
and hepatitis. In an effort to provide symptomatic 
relief many measures had been undertaken. 
These included a subtemporal decompression 
for the relief of increased intracranial pressure, 


the application of body spicas, fever therapy, 


radiotherapy and physiotherapy. During this 
entire period our patient was allowed to con- 
tinue the daily consumption of 500,000 units of 
vitamin A because of the supposed beneficial 
effects on “‘ichthyosis”’ of the skin. 

When the clinical diagnosis of hypervitamino- 
sis A was finally proposed, a fasting vitamin A 
blood level of 2,000 ug. per 100 cc., the highest 
ever recorded, was disclosed. 

Daily estimations of the total vitamin A, in- 
cluding the free alcohol and ester fractions, were 
made over a period of two and a half months. 
The influence of menstruation, surgery, cortisone, 
starvation and alcohol consumption was noted. 
Stimulated by previous reports concerning the 
relationship of vitamin A to nephrolithiasis, 
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determinations of the blood levels and urinary 
excretion of calcium, phosphorus and citric acid 
were made. Blood analysis for phospholipid 
phosphorus, total fatty acids, and total lipids 
were Carried out because of their role in vitamin 
A metabolism. Blood carotene levels were 


_ studied to emphasize their independence of the 


vitamin A levels attained by the ingestion of pure 
vitamin A. 

The clinical manifestations of chronic vitamin 
A toxicity are reflected in the neurologic, 
skeletal and dermatologic systems. Persistent, 
severe headache with visual disturbances in the 
absence of focalizing neurologic signs may occur 
in hypervitaminosis A. This is the result of 
increased intracranial pressure due to excessive 
production or decreased absorption of cerebro- 
spinal fluid. In our patient a subtemporal 
decompression had been performed elsewhere 
after a diagnosis of serous meningitis had been 
made. 

Bone pains are usually present in chronic 
vitamin A _ intoxication. X-ray evidence of 
bone involvement has not been previously 
described in adults. In our case x-ray and bone 
biopsy studies indicate that the fundamental 
disturbance consists of calcification with or 
without true bone formation in the pericapsular, 
ligamentous, tendinous and subperiosteal tissues. 
The pain and the progressive crippling de- 
formities in our patient had been previously 
considered the results of generalized infec- 
tious arthritis. The differences between Marie- 
Striimpell arthritis and vitamin A toxicity are 
discussed in detail. 

The dermatologic manifestations of vitamin A 
toxicity include pruritus, fissuring and soreness 
at the corners of the mouth, coarsening of the 
hair with alopecia, loss of the fine lanugo hairs of 
the extremities and pigmentation. 

Hemorrhagic manifestations during vitamin A 
toxicity have been considered by others to be of 
clinical significance. Our patient failed to show 
any hemorrhagic tendencies. Laboratory studies 
likewise showed no disturbance in any of the 
factors related to the clotting mechanism. Be- 
cause of interest in the relationship of vitamin A 
to thyroid activity tests were made of the basal 
metabolism, protein-bound iodine and radio- 
active iodine uptake. These showed no con- 
sistent pattern of altered thyroid activity. 

Clinical improvement in the neurologic, 
skeletal and skin manifestations took place 
rapidly upon stopping excess vitamin A intake. 
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This rapid response is a most important point in 
the differential diagnosis. 

Treatment with massive doses of vitamin A 
now recommended in many clinical conditions 
must be reviewed from the standpoint of poten- 
tial toxicity. If these large doses are to be used, 
rest periods should be instituted and deter- 
minations of the vitamin A blood level made. 
Self-medication with vitamin concentrates con- 
taining large doses of vitamin A is a common 
occurrence due to the general belief by the laity 
that vitamins improve health and _ increase 
resistance to infection. 
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Atypical Amyloidosis and Bone Marrow 
Plasmacytosis in a Case of Hypersensitivity 
to Sulfonamides 


JuLius WoLrF, M.D. and BARNEY WORKEN, M.D. 
New York, New York 


HE occurrence of atypical amyloidosis, 
hyperglobulinemia and bone marrow 
plasmacytosis in multiple myeloma is well 
known. In the case to be presented this triad 
occurred in the absence of multiple myeloma. 
The basic pathogenetic mechanism underlying 
the clinical and pathologic picture in this case 
would seem to be a hypersensitive state due toa 
sulfonamide. Such an occurrence is unusual and 
permits speculation as to the relationship of 
these three findings to each other and to 
hypersensitivity. 


CASE REPORT 


A fifty-five year old white salesman was well 
until July 8, 1950, when he developed abdominal 
cramps and diarrhea which were thought to be 
due to “food poisoning.” He was treated with 
0.5 gm. gantrisin®t three times a day. The 
diarrhea stopped after three days and the drug 
was discontinued. However, three days later the 
diarrhea recurred and therapy with the same 
drug was resumed. The following day the patient 
developed vesicles on the palms of the hands 
and the soles of the feet. Sulfonamide therapy 
was continued for a period of about two months 
and during this period there were recurring 
crops of vesicles on the hands, arms, feet and 
legs. 

His past history was significant in that he had 
had pneumonia in January, 1950, and was 
treated with penicillin and sulfadiazine. In 
June, 1950, examination including urinalysis 
was normal. 


t 3,4-dimethyl-5 sulfanilamido-isoxazole. 


In September, 1950, his physician noted 
widespread vesicular and bullous lesions arising 
from apparently normal skin. When pressure was 
made on these lesions, the fluid spread out easily 
beneath the adjacent skin. It was difficult to 
rupture the bullae because of this spreading 
effect. The fluid was turbid but not purulent. 
The lesions were present in the skin of the scro- 
tum, groin and axillas as well as the extremities. 
Nikolski’s sign was positive. At this time a 
persistent albuminuria was noted. The serum 
albumin was 2.8 gm. and the serum globulin 
4.7 gm. per 100 cc. Examination of a sternal 
marrow smear revealed marked plasmacytosis, 
50 per cent of all the nucleated cells being 
plasma cells. Because of this finding and the 
hyperglobulinemia a_ diagnosis of multiple 
myeloma, complicated by’ pemphigus vulgaris, 
was made. The patient received a total of 520 
mg. ACTH without any effect. He was trans- 
ferred to the Bronx Veterans Administration 
Hospital on November 24, 1950. 

On admission several large bullae were pres- 
ent on the dorsum of the right foot and heel, 
together with numerous widely scattered crusted 
and oozing skin lesions. Depigmented scars were 
noted in the skin of the scrotum and buttocks at 
the sites of previous vesicles and bullae. Other- 
wise the physical examination was entirely 
within normal limits. The blood pressure was 
110/60. The highest specific gravity of the urine 
on several concentration tests was 1.020. ‘There 
was a 4+ proteinuria and a total of 7.39 gm. of 
protein in one twenty-four-hour urine specimen. 
The urine sediment showed hyaline casts, 2 to 


* From the Medical and Laboratory Services of the Veterans Administration Hospital, Bronx, N. Y. Read by 
title at the Forty-Ninth Annual Meeting of the American Association of Pathologists and Bacteriologists, New York 


City, April 10, 1952. 
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4 red blood cells and 5 to 10 white blood cells 
per high power field. At least twenty determina- 
tions for Bence-Jones protein were made and all 
were negative. No uroporphyrins were found in 
the urine. There was 15 per cent P.S.P. excre- 
tion in fifteen minutes; the urea clearance was 
normal. The blood urea nitrogen averaged 18 
mg. per 100 cc. There was a mild anemia 
(hemoglobin 10.8 gm. and 3.5 million red blood 
cells per cu. mm.). The leukocyte count and 
differential were normal and the sedimentation 
rate 36 mm./hour (normal up to 15 mm./hour). 
Serologic tests for syphilis were negative. The 
total cholesterol was 236 mg. per 100 cc. with 
70 per cent esters. Cephalin flocculation and 
thymol turbidity tests were normal. The serum 
calcium, phosphorus and alkaline phosphatase 
were normal. The total plasma protein was 
7.6 gm. per 100 cc. with 2.6 gm. of albumin and 
5.0 gm. of globulin. Electrophoretic studies 
indicated that the increase in the globulin was 
largely in the alpha fraction. There were no 
cryoglobulins. Twenty-six per cent of injected 
Congo red dye was absorbed at the end of one 
hour. X-ray examination of the entire skeletal 
system was normal. Intravenous pyelogram, 
x-rays of the chest and electrocardiograms were 
negative. A sternal marrow smear confirmed the 
previously observed plasmacytosis. The total 
count was 91,000 nucleated cells per cu. mm.; 40 
per cent of the nucleated cells were mature 
plasma cells and an additional 5 per cent were 
plasmablasts which were considered by the 
hematologists to be “‘myeloma” cells. A skin 
biopsy of one of the vesicles was made on No- 
vember 28, 1950, and the pathologic report was 
“either dystrophic epidermolysis bullosa or 
pemphigus.” The pathologist favored the latter 
diagnosis. * 

The patient felt well despite recurring crops of 
vesicles and bullae on the soles of the feet, palms 
of the hands and scrotum. There were no 
mucous membrane lesions. A _ test dose of 
sulfasuxidine seemed to accelerate the appear- 
ance of the skin lesions, although it was difficult 
to be certain of this because of their irregular 
and intermittent recurrence. A bone marrow 
smear in February, 1951, showed 38 per cent 
plasma cells with ‘“‘typical myeloma” cells. 
Another complete roentgenographic survey of 
the skeletal system was negative. The serum 


* The patient was presented at the Manhattan and the 
Atlantic Dermatologic Societies on January 9, 1951, and 
March 3, 1951. Arch. Derm. & Syph., 65: 241, 503, 1952. 
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globulin remained elevated (average of 5.2 gm. 
per 100 cc.). His anemia did not respond to iron 
and he began to have short unexplained febrile 
episodes. 

He was discharged in March, 1951, only to 
return in a month with many more bullae and 
complaining of exertional dyspnea. At no time 
did he complain of bone pain. Because of low 
grade fever due to secondary infection of the 
skin lesions he was treated with aureomycin and 
chloramphenicol, with control of the pyogenic 
infection. A third bone marrow smear on April 
30, 1951, showed 55 per cent plasma cells. 
(Fig. 1.) This was the last bone marrow study, 
approximately six months before death. The 
serum globulin was 5.0 gm. per 100 cc.; the 
albuminuria and anemia continued. A third 
x-ray survey of the skeletal system was negative 
for any changes. 

He began to feel weak and complained of 
anorexia, nausea and abdominal pain. No 
adequate cause could be found for these com- 
plaints. Shortly after this last admission in April, 
1951, he experienced a sudden pain in the right 
occipital area, lasting about an hour. The next 
day he was found to have superior right ho- 
monomous hemianopsia which cleared within 
three weeks. The electroencephalogram and 
spinal fluid were normal. 

In June, 1951, the patient suffered an episode 
of severe constricting anterior chest pain, re- 
lieved by nitroglycerin. The electrocardio- 
graphic changes suggested an anteroseptal 
myocardial infarct. He recovered sufficiently 
within five weeks to be allowed out of bed but 
experienced angina on slight exertion. The 
recurrent bullous eruptions continued. The 
anemia, albuminuria and hyperglobulinemia 
persisted. 

Late in August, 1951, he suddenly lapsed into 
unconsciousness. On regaining consciousness he 
was found to be aphasic and there was a left 
hemiplegia. He recovered only slightly from this 
episode, developed hyperpyrexia and died on 
October 9, 1951. The total duration of illness 
was fifteen months. 

Postmortem examination was performed three 
hours after death. There were numerous vesicular 
and bullous lesions of the skin of the face, back, 
lower extremities and soles of the feet. Several of 
the larger bullae measured up to 3.0 cm. in 
diameter and contained a turbid yellow fluid. 
The tongue was not enlarged and presented no 
gross abnormalities. The mucous membranes of 
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Fic. 1. Bone marrow smear made on April 30, 1951. The number and char- 


acteristic appearance of the plasma cells are shown. A, X 264; B, X 1190. 


the mouth, nasopharynx and the conjunctivae 
were negative. There was bilateral hydrothorax 
and focal fibrinous pericarditis. The heart was 
enlarged (weight 500 gm.) and both ventricles 
were moderately hypertrophied. There was 
widespread fibrosis and focal necrosis of the 
myocardium of the left ventricle and fibrous 
replacement of the interventricular septum in its 
anterior apical portion. The left coronary 
artery and its main branches were slightly 
atherosclerotic and widely patent; the right 
coronary artery showed moderate thickening 
and narrowing of the lumen but was patent 
throughout its entire course. The leaflets of 
the mitral and tricuspid valves were somewhat 
distorted by clusters of small subendocardial 
nodules, most prominent along the margins of 


closure. The aortic and pulmonic valves were 
grossly negative. The endocardium of both atria 
was diffusely thickened and opaque yellowish- 
gray. Mural thrombi were present in both 
auricular appendages, some partly organized 
and others fresh and loosely attached. The lungs 
were greatly increased in weight due to marked 
congestion and edema. Large hemorrhagic 
subpleural infarcts were present in the bases of 
both lower lobes as a result of embolic occlusion 
of the appertaining branches of the pulmonary 
arteries. The esophagus was negative. Extensive 
mucosal and subserosal hemorrhages were noted 
throughout the stomach, the small and large 
intestine and rectum. The liver, gallbladder and 
biliary duct system were not remarkable. A small 
fibrotic cortical infarct was found in the right 
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kidney; the genitourinary tract was otherwise 
normal. The spleen was of average size and 
weight, soft and flabby, the pulp pale red and 
the malpighian corpuscles distinct. An old sub- 
capsular infarct was seen at the lower pole. The 
adrenals, thyroid gland, the skeletal musculature 
and adipose tissue were not remarkable. The 
thoracic lymph nodes were enlarged and many of 
the tracheobronchial nodes measured 2.5 cm. 
or more in greatest dimension. The cut surface 
was smooth, grayish-yellow and translucent. 
The cervical, abdominal and retro-aortic nodes 
were not appreciably enlarged. Section through 
the lumbar, thoracic and cervical vertebrae 
revealed normal bone structure and a dark red 
marrow. Nowhere could bone destruction or 
osteoporosis be detected. Miultiple sections 
through the sternum, ilium, ribs and _ skull 
likewise disclosed grossly normal bone structure 
and marrow. The brain showed a massive infarct 
of the right cerebral hemisphere. Section of the 
brain revealed fresh encephalomalacia of both 
frontal lobes, the right parietal, temporal and 
occipital lobes and the basal ganglia bilaterally. 
The right internal carotid artery, just proximal 
to its middle cerebral branch, was occluded 
bya firmly adherent embolus. The caliber of the 
left internal carotid artery was greatly nar- 
rowed, apparently on a congenital basis, but 
was patent and thin-walled. 

One of the most striking features on micro- 
scopic examination of the tissues was the exten- 
sive and widespread deposition of amyloid in 
the medium-sized arteries and the arterioles. 
Virtually all such vessels in the skin, skeletal 
musculature, adipose tissue, heart, lungs, thyroid 
gland, esophagus, gastrointestinal tract, liver, 
gallbladder, spleen, pancreas, adrenals, kidneys, 
urinary bladder, prostate, epididymides, testes, 
lymph nodes, bone marrow and the pituitary 
body were converted into greatly thickened 
tubes of amyloid with narrowed lumens. The 
amyloid infiltration of the small arteries was 
often accompanied by a fibroblastic proliferation 
in the intima, which further narrowed their 
lumens. These alterations were most advanced 
in the small coronary arteries, many of which 
were nearly occluded. (Fig. 2.) In addition, the 
small amyloidotic arteries showed variable 
damage to the internal elastic membrane. Fre- 
quently the elastic lamellae presented a beaded 
appearance as a result of fragmentation of part or 
all of the membrane. There was also fraying, 
thinning, reduplication and, in some instances, 
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Fic. 2. Heart, left ventricle. Marked thickening of 
medium-sized coronary arteries and arterioles by 
deposition of amyloid, with extreme narrowing of 
lumens. Extensive atrophy and fibrosis of myocardium, 
with small islands of well preserved muscle; hematoxylin 
and eosin stain, X 150. 


disappearance of major portions of the internal 
elastica. Again, these changes were most con- 
spicuous in the small coronary arteries. Every- 
where the small veins were slightly to moderately 
thickened by amyloid deposition but there was 
no appreciable reduction in their caliber. All 
the blood vessels in the meninges, the brain and 
the spinal cord were free of amyloid. The large 
arteries and veins throughout the body were also 
spared. 

In the heart, apart from the small coronary 
arteries, amyloid was seen mainly in the endo- 
cardium and in the valves. Only a few small 
foci of amyloid could be detected in the myo- 
cardium and in the epicardial fat. Each leaflet 
of all four valves contained variable but small 
deposits of amyloid in the form of narrow bands 
and nodules. The most prominent deposition 
was in the mitral valve and produced the de- 
formation seen grossly. ‘The endocardium of both 
atria was massively infiltrated with amyloid 
but the ventricular endocardium showed only 
minimal focal deposition. (Fig. 3.) The elastic 
fibers of the atrial endocardium had undergone 
extreme fragmentation and disruption similar 
to that seen in the internal elastica of some of the 
small coronary arteries. The myocardium 
presented a variegated appearance, with inter- 
mingled foci of acute necrosis, ischemic atrophy 
and fibrosis separating small and large islands 
of well preserved myocardium. 
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Fic. 3. Masses of amyloid in endocardium of left 
atrium. Marked fragmentation and disruption of 
elastic lamellae. Verhoeff’s stain for elastic fibers, 
counterstained with van Gieson’s stain, X 475. 


Fic. 4. Amyloid thickening of arteries and vein in 
portal space; parenchyma of liver free of amyloid, 
xX 100. 


In the lungs many of the alveolar septa and the 
muscle layers of bronchi were thickened by 
amyloid infiltration. Amyloid was also present 
in the capsule and trabeculae of the spleen, the 
skeletal musculature, the muscle of the urinary 
bladder, the fibromuscular stroma of the prostate, 
the muscularis mucosae and muscle layers of the 
esophagus and the entire gastrointestinal tract. 
The thoracic lymph nodes were replaced, for 
the most part, by amyloid with only small 
remnants of lymphoid tissue preserved. 

No amyloid could be detected in the paren- 
chyma of the liver, spleen or the adrenals. 
(Fig. 4.) However, deposition of amyloid was 
present in the glomeruli of the kidneys, varying 
in degree from several small spherules in the 
capillary tufts to replacement of the entire 
glomerulus. (Fig. 5.) Occasionally Bowman’s 
capsule was thickened by amyloid. Hyaline 
granules were prominent in the epithelium of 
many of the proximal convoluted tubules, and 
hyaline casts often filled the collecting tubules. 
The afferent arterioles, the interlobar and the 


Fic. 5. Amyloid deposition in glomerular tufts and | 
interlobular artery of kidney; hematoxylin and eosin 
stain, X 100. 


arcuate arteries of the kidneys were all markedly 
thickened by amyloid. 

Numerous sections of the skin disclosed exten- 
sive amyloid infiltration of the dermis, including 
some of the sebaceous glands, hair follicles and 
arrectores pilorum. Vesicles were seen between 
the dermis and epidermis, with cleavage at the 
dermo-epidermal junction. There was no in- 
flammatory cellular reaction in the dermis at the 
base of the vesicles. | 

In view of the atypical amyloidosis found in 
the postmortem material, sections of the skin 
biopsy obtained on November 28, 1950, were 
re-examined and special stains demonstrated 
amyloid in the dermis and in the arterioles and 
veins. 

Many sections of the vertebrae, sternum, ribs, 
skull and ilium revealed normal bone structure 
and normal bone marrow. There were no signs 
of erosion or necrosis of bone trabeculae. Scat- 
tered among the marrow elements were a few 
plasma cells. The virtual absence of plasma cells 
in the bone marrow and in any of the organs and 
the absence of bone destruction definitely 
excluded multiple myeloma. 

The gray and white matter of the brain and 
spinal cord, the nerve trunks, peripheral nerves 
and the ganglia were free of amyloid deposition. 

The amyloid in the hematoxylin- and eosin- 
stained sections appeared as an amorphous, 
homogeneous pink-staining material. The amy- 
loid stained metachromatically with crystal 
violet, pink to red with Congo red, and greenish- 
yellow with Van Gieson’s stain. 

The final major diagnoses were: Atypical 
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amyloidosis; focal necrosis, ischemic atrophy and 
fibrosis of myocardium; fibrinous pericarditis; 
bilateral hydrothorax; mural thrombi, right and 
left auricular appendages; infarcts in lungs, left 
kidney and spleen; embolus occluding right 
internal carotid artery; massive infarct right 
cerebral hemisphere; pemphigus. 


COMMENT 


In 1929 Lubarsch! focused attention on a rare 
form of amyloidosis which was not associated 
with chronic infections and which involved the 
skin, smooth and striated musculature and blood 
vessels. The parenchymatous organs were 
spared in this type which he designated atypical 
amyloidosis. In 1933 Strauss? collected thirty- 
three such cases from the literature, emphasized 
the selective deposition of amyloid in the mesen- 
chymal tissues and suggested the term par- 
amyloidosis for this form. Teilum* introduced 
the expression hyalinosis, a term he uses inter- 
changeably with paramyloidosis. Reiman, Kouky 
and Eklund‘ designated this same form as 
primary amyloidosis and further classified the 
other amyloid states into secondary amyloidosis 
(complicating chronic infection) ; tumor-forming 
amyloid; and amyloidosis associated with 
multiple myeloma. In the last group the dis- 
tribution of the amyloid is similar to that seen 
in atypical amyloidosis, and occurs in about 7 
per cent of cases of multiple myeloma.’ 

To date about eighty-five cases of atypical 
amyloidosis have been recorded. Comprehensive 
reviews, with tabulations and analyses of these 
cases, have been published by Strauss;? Koletsky 
and Stecher;* Reiman, Kouky and Eklund; 
and Iverson and Morrison.’ | 

The present case is an example of atypical 
amyloidosis in which there was selective deposi- 
tion of amyloid in tissues of mesodermal origin 
and absence of amyloid in the parenchyma of 
the liver, spleen and the adrenals. However, 
amyloidosis of the glomeruli of the kidneys did 
occur and as a result our patient developed a 
nephrotic syndrome. While amyloid deposition 
in the glomeruli and consequent development of 
the nephrotic syndrome are common in second- 
ary amyloidosis, such an occurrence is rare in 
atypical amyloidosis. In the latter, the glomeruli 
are, as a rule, spared. Lindsay*® has reported a 
case of his own, and refers to three additional 
cases in the literature, in which a nephrotic 
syndronie occurred in primary (atypical) amy- 
loidosis. In a comprehensive discussion of the 
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nephrotic states, Allen’ clarifies the basic 
mechanism concerned in the production of the 
nephrotic syndrome. He emphasizes that it is the 
glomerular damage in amyloidosis and not the 
tubular changes which accounts for the nephrotic 
picture. 

Another unusual feature in our case was the 
severe damage to the elastica in the blood vessels 
and the atrial endocardium. Eisen!® also has 
described partial destruction and reduplication 
of the internal elastic membrane of the arterioles 
in one of his cases of primary amyloidosis. It is 
worth noting, however, that similar changes 
may also occur in the internal elastica of small 
arteries, which occasionally are infiltrated in 
cases of secondary amyloidosis. In two such 
cases observed in this laboratory, one complicat- 
ing pulmonary tuberculosis and the other 
chronic pyelonephritis, the internal elastica 
showed distinct fragmentation.!! Josselson, Pruitt 
and Edwards,'? in a study of amyloidosis local- 
ized in the heart, also observed damage to the 
elastica of the atrial endocardium but the 
extreme disruption and fragmentation of the 
elastic laminae in the present case is unique. 
These authors found, as occurred in our case, a 
preponderant amyloid infiltration of the atrial as 
compared with the ventricular endocardium. 

In many of the reported cases of atypical 
amyloidosis the clinical picture was dominated 
by progressive and intractable heart failure. At 
necropsy such cases have generally shown mas- 
sive replacement of the myocardium or extensive 
deformity of valves by amyloid deposition. In the 
present case there was only minimal amyloid 
in the myocardium and in the valve leaflets. 
The marked narrowing and occlusion of the 
amyloidotic medium-sized coronary arteries and 
the arterioles produced widespread ischemic 
atrophy, necrosis and fibrosis of the myocardium 
which were the basis for the electrocardiographic 
changes, precordial pain and heart failure. 

That bone marrow plasmacytosis may occur 
in diseases other than multiple myeloma should 
be emphasized. Fadem and McBirnie"* reported 
six cases (other than multiple myeloma) in 
which there was a bone marrow plasmacytosis 
as high as 26 per cent. Wells'* has reported an 
instance in which the bone marrow plasmacytes 
reached a level of 50 per cent in the absence of 
multiple myeloma. Bing,!® Bayrd,'!* Carter!’ 
and Robertson'® have reported bone marrow 
plasmacytosis in such diverse diseases as Hodg- 
kin’s disease, measles, Boeck’s sarcoid, carcinoma, 
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polyarteritis nodosa, cirrhosis of liver, kala azar, 
lymphopathia venereum, syphilis and _ the 
hypersensitive state. In addition to the increased 
number, there were also qualitative changes in 
the plasma cells in our case of a type that has 
usually been interpreted as diagnostic of multiple 
myeloma. Many hematologists believe that 
while an increase in the total number of plasma 
cells in the marrow is no longer diagnostic of 
myeloma, the presence of immature plasma 


cells which have been designated “‘myeloma | 


cells’ is specific and establishes the diagnosis.'® 
Three hematologists unequivocally identified 
‘‘myeloma cells’ in our patient’s marrow. How- 
ever, the absence of plasma cells in any of the 
organs or in the bone marrow at autopsy and 
the lack of bone necrosis eliminates the possibil- 
ity that this patient had multiple myeloma, in 
our opinion. Immaturity of the plasma cells in 
the bone marrow is a reflection of the intensity of 
the stimulus evoking the plasmacytic response 
and does not necessarily indicate the presence of 
multiple myeloma. At this hospital we have 
found “‘myeloma cells’? in bone marrow smears 
of patients who had a marked plasmacytosis but 
who did not have multiple myeloma. The 
present case is an example of our experience. 
The transient nature of the plasmacytosis, 
which was found only through a period of eight 
months, is of additional interest. 

The clinical picture of the present case can 
best be explained as due to an allergic or hyper- 
sensitive response to gantrisin. A provocative 
test with sulfasuxidine did seem to cause an 
increased formation of vesicles and _ bullae. 
As will be discussed later, this type of skin erup- 
tion has been seen in hypersensitive responses to 
sulfonamides. The intense, although transient, 
plasmacytosis with the so-called ““myeloma cells”’ 
can also be ascribed to such a hypersensitive 
reaction. The hyperglobulinemia and amyloido- 
sis, we believe, are part of a similar response. 
This patient may have become sensitized to 
sulfonamides when he was treated for pneumonia 
with sulfadiazine six months prior to taking 
gantrisin. It is also possible that gantrisin itself 
was the sensitizing agent since the first signs of 
the rash appeared seven days after he started to 
take this drug. With the mistaken idea that the 
eruption was due to an infection, the patient on 
his own continued to take the drug for two more 
months. The rash persisted after the medication 
was discontinued. This is not unusual since the 
hypersensitive process, once started, may no 


longer require continuing administration of the 
sensitizing agent. 

The early appearance of the hyperglobu- 
linemia, bone marrow plasmacytosis and amy- 
loidosis is of interest. The first two were present 
two months after the appearance of the vesiculo- 
bullous eruption. Since proteinuria was also 
present at the same time, it is reasonable to 
assume that amyloid was already being deposited 
in the glomeruli. The marked plasmacytic 
response so early in his illness is at variance with 
Robertson’s!® suggestion that the appearance 
of plasma cells might be an indication of relative 
chronicity in the development of the responses 
to the hypersensitive state. 

The triad of atypical amyloidosis, plasmacyto- 
sis and hyperglobulinemia occurs in about 7 per 
cent of cases of multiple myeloma. However, 
there have been three cases reported of these 
three findings occurring together in patients 
suffering from a hypersensitive reaction. The 
present case makes the fourth such instance. 
Teilum?® reported a patient who died with 
atypical amyloidosis in whom during life there 
was bone marrow plasmacytosis and hyper- 
globulinemia. This man’s last illness began 
twenty months prior to his death when he took 
sulfonamide for a pneumonic infection. The 
author felt that the clinical and necropsy find- 
ings were due to sensitization to the sulfonamide. 
He further remarked that he had seen another 
such case. Ritama and Saksela?! described a 
case with the same triad. This man had had 
numerous infections during his lifetime. The 
suggestion was made that the patient had be- 
come sensitized to the toxins of his repeated 
infections. Although no mention was made of the 
therapy used, he was ill during the sulfonamide 
era and may have received at least one of the 
sulfonamide drugs. Wells!‘ reported a third case 
with the same combination of findings. The bone 
marrow plasmacytosis was as high as 57 per cent 
but was transitory and not found at autopsy. 
Wells also believed that this triad was due to a 
hypersensitive response. This man did not give 
a history of sulfonamide ingestion. In all three 
of these cases multiple myeloma was considered 
clinically and was excluded by autopsy findings. 

While there have been excellent reviews of the 
pathologic changes seen in hypersensitive reac- 
tions to sulfonamides, none mentions the occur- 
rence of amyloidosis or plasmacytosis.??~*° 
Robertson,'* however, reported two cases of 
plasmacytosis and hyperglobulinemia occurring 
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as part of a hypersensitive response. It seems 
clear that sulfonamide hypersensitivity was 
responsible for his first case while the probable 
antigen in the second case is not apparent. Both 
of these cases showed a marked plasmacytic 
infiltration of most of the organs of the body at 
autopsy. 

There is good experimental and clinical 
evidence that plasmacytosis and hyperglobuli- 
nemia are related to hypersensitive responses to a 
variety of stimuli. The plasma cell is probably 
concerned with antibody formation and produc- 
tion of abnormal globulins.?* This would account 
for its presence in a variety of chronic illnesses 
as well as in the hyperimmune state. In most 
cases, as has been pointed out by Bing and 
Plum,?’ hyperglobulinemia is also present but 
in others there may be qualitative alterations in 
the globulin rather than an increase in amount. 
In some cases hyperglobulinemia has been found 
without plasmacytosis. The fact that in our case 
the plasmacytosis was transitory and disap- 
peared completely, although the hyperglobi- 
nemia persisted, may be helpful in clarifying 
the relationship between the two. Kolouch,”® 
Kolouch, Good and Campbell?*® and Bjoerneboe 
and Gormsen*® demonstrated that plasma cells 
appeared in large numbers in the bone marrow 
and spleen of rabbits immunized or hyper- 
immunized with a variety of antigens. Bjoerne- 
boe, Gormsen and Lundquist*! correlated the 
rise in antibody titer with the increase in plasma 
cells. Good and Campbell*? found a tenfold 
increase of the plasma cells in the bone marrow 
of patients in the acute phase of rheumatic 
fever. The number of plasma cells paralleled the 
rise in serum gamma globulin. Carter’s'’ case 
furnishes further evidence of the relationship of 
hyperglobulinemia and plasmacytosis to the 
hypersensitive process. His patient became 
sensitized to trichinella and developed hyper- 
globulinemia and at necropsy showed bone 
marrow and tissue plasmacytosis. Robertson’s'® 
cases, previously mentioned, are still other 
examples of hypersensitization evoking a plas- 
macytic response with hyperglobulinemia. 

It appears, then, that hyperglobulinemia and 
plasmacytosis may be related to the hyper- 
sensitive process. While hyperglobulinemia ordi- 
narily occurs in many diseases without any 
evidence of amyloidosis, it is a usual finding in 
patients with secondary amyloidosis. It is not 
commonly found associated with primary amy- 
loidosis except in multiple myeloma. There is, 
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however, experimental evidence that hyper- 
globulinemia is related also to atypical amyloid 
and that both may be related to the hyper- 
immune state. That hyperglobulinemia may 
appear together with amyloid disease was noted 
by Jaffe**:*4 in 1926. Letterer*® also noted this 
combination and believed that the increase in 
globulin was the primary basis for amyloid 
disease. However, the relationship to hyper- 
sensitization became clear when Sipos and 
others**-** found that hyperimmunized horses 
which had been used in the commercial produc- 
tion of vaccines frequently developed hyper- 
globulinemia and atypical amyloidosis. Dick 
and Leiter*® produced the same combination in 
rabbits by injection of streptococcal antigens. 
Reiman and Eklund” similarly produced hyper- 
globulinemia and amyloidosis by sodium case- 
inate injections. Haas‘! suggested that persistent 
or repeated stimulation of the immune mecha- 
nism was the fundamental factor in the genesis 
of amyloid. It would seem, therefore, that hyper- 
globulinemia and amyloidosis are related to 
each other and that both are related in some 
fashion to the immune and allergic states and 
one would expect to find all three responses 
occurring in a single individual suffering from 
hypersensitivity. The cases of Teilum,?° Ritama?! 
and Wells'* together with the present case are 
such examples. Barr‘? had previously posed this 
question: “‘Is it possible that many of the cases 
of diffuse myelomatosis, classified in the litera- 
ture as myeloma, and regarded as examples of 
malignant new growth, represent an immunologic 
response engendered by as yet unknown stimuli 
and characterized by an excessive plasma cell 
response and the production of sometimes large 
amounts of immune globulin?” These four cases 
which have been mentioned now make this 
problem more pertinent. 

The skin eruption adds still further weight to 
our contention that hypersensitivity to  sul- 
fonamide was the basic pathogenetic factor in this 
case. A vesiculobullous eruption very similar to 
the one which appeared in our case has been 
reported in hypersensitive responses to sul- 
fonamides. Bloom** listed two major types of 
skin eruptions due to sulfonamides. The first type 
is primarily a toxic one which usually subsides - 
and does not recur after readministration of the 
drug. The second type is due to allergy or 
hypersensitization. An interval of at least seven 
days must elapse between the drug administra- 
tion and the appearance of the rash. This reac- 
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tion may perpetuate itself even after the drug 
has been stopped. While the usual sulfonamide 
rash is maculopapular or scarlatiniform in 
nature, Loveman and Simon“ described a case 
with a bullous eruption due to sulfanilamide 
medication. Wien and Lieberthal*® reported a 
patient who developed an exfoliative dermatitis 
resembling pemphigus foliaceus subsequent to 
sulfonamide therapy. Bloom reported two pa- 
tients with vesiculobullous eruptions due to 
sulfonamide allergy. One case resembled pem- 
phigus vulgaris. Weinstein and Domm** had a 
similar case of a bullous eruption following 
sulfathiazole. 


SUMMARY 


A patient who became sensitized to sulfona- 
mides developed atypical amyloidosis, bone mar- 
row plasmacytosis and hyperglobulinemia in the 
absence of multiple myeloma. The probable 
relationship of these three findings to each other 
and to the hypersensitive state is discussed. 

It is emphasized that bone marrow plasmacy- 
tosis may be a response to hypersensitivity and 
that such plasmacytosis may lead to an erroneous 
diagnosis of multiple myeloma. The non- 
specificity of immature plasma cells frequently 
designated ‘“‘myeloma cells’’ is noted. 


Acknowledgment: Grateful acknowledgment is 
made to Dr. Arthur C. Allen for helpful 


suggestions. 
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Hypothromboplastinemia Associated with 


a Circulating Anticoagulant and 


Hemorrhagic Diathesis’ 


MICHAEL S. BRUNO, M.D. and HERBERT S. BRODY, M.D. 
New York, New York 


the first documented case of a hemorrhagic 

diathesis associated with a circulating anti- 
coagulant. Hematologically, the most prominent 
feature of the case was the presence of a pro- 
longed coagulation time. Since that initial re- 
port a total of thirteen cases have been described 
in the literature. 

Conley? and Dieter*® each presented a case of 
prolonged clotting time associated with a cir- 
culating anticoagulant arising spontaneously in a 
non-hemophiliac male. Munro‘ and Van Crev- 
eld’ reported the phenomenon of the failure of 
hemophiliac patients to respond to fresh blood or 
plasma transfusions. All of these patients had 
responded to previous therapy with a marked 
reduction in the clotting time. Hewlett and 
Haden® reported two females, seven months and 
one year postpartum, respectively, with a pro- 
longed coagulation time and a circulating anti- 
coagulant, neither patient having received blood 
transfusions previously. Dreskin and Rosenthal’ 
reported a similar experience in a thirty year old 
female seven weeks postpartum. 

In all cases the coagulation time was signifi- 
cantly prolonged and an anticoagulant was 
identified. These cases may be divided into three 
categories; (1) cases in which the anticoagulant 
arose de novo; (2) those which occurred in the 
postpartum state and (3) those which developed 
in patients who had previously received multiple 
whole blood transfusions. 


T 1940 Lozner, Jolliffe and Taylor! presented 


We are presenting the case of a twenty-seven 


year old female who, three months postpartum, 
developed her first manifestations of a bleeding 
tendency. This subsequently became severe and 
the patient had a massive gastrointestinal hemor- 
rhage. Hematologic studies revealed a markedly 


prolonged clotting time associated with the 
presence of a circulating anticoagulant. 


CASE REPORT 


E. K., a twenty-seven year old housewife, was 
admitted to University Hospital for the first time 
on March 25, 1953, with the chief complaint of 
multiple, painful, “black and blue spots’? over 
her extremities of four months’ duration. 

The patient had always enjoyed excellent 
health. In July, 1952, she gave birth to a son 
without difficulty despite the fact that it was a 
breech presentation. Four hours after delivery a 
retained placenta was removed manually. There 
was no appreciable bleeding noted. One week 
later the child was circumcized without incident. 

One month after parturition the patient ex- 
perienced a sudden sharp pain in the epigastrium 
and right upper quadrant. The pain radiated in 
girdle-like fashion to the right scapula. This 
cleared but during the next two months the 
patient experienced many such episodes. A 
cholecystogram revealed evidence of stones and 
on October 15, 1952, under spinal anesthesia, 
elective cholecystectomy was performed without 
difficulty at another institution. 

Initial preoperative blood studies revealed the 
hemoglobin to be 11.5 gm. per 100 cc. of blood 
and the erythrocytes 3.89 million per cu. mm. of 
blood. The leukocyte count was 6,400. The blood 
type was AB, Rh-positive. 

Although there was no evidence of excessive 
bleeding during surgery, 500 cc. of whole blood 
was given twenty-four hours later. One hour 
after the transfusion was begun the patient’s 
temperature spiked to 102.4°F. There was no 
chill, urticaria or icterus. The patient’s course 


* From the Department of Medicine, Post-Graduate Medical School, New York University, and Universtiy Hospital, 
New York University Bellevue Medical Center, New York, N. Y. 
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was uneventful and on the sixth postoperative 
day the sutures and drain were removed. Three 
hours later she began to bleed from the operative 
site. The blood count was repeated and there 
was no perceptible change. The platelets num- 
bered 555,800 per cu. mm. of blood. The pro- 
thrombin time (Quick) was ten seconds. The 
bleeding time was thirty seconds and the coagu- 
lation time was reported as four minutes. She 
continued to bleed until the next day and was 
given 500 cc. of whole blood without incident. 
Within twelve hours bleeding stopped and did 
not recur. The patient was discharged four days 
later with the diagnoses of chronic cholecytitis 
and cholelithiasis, and bleeding of undetermined 
etiology. 

The patient had a completely uneventful 
convalescent period, menstruating normally on 
December 8th. On December 24th she noticed 
the sudden onset of painful swelling of the right 
wrist. The next day the left wrist also became 
swollen and tender. In a few days ecchymoses 
of both wrists appeared spontaneously and 
rapidly extended up the volar aspect of the fore- 
arms. Later a similar painful ecchymotic area 
appeared over the entire right ankle and foot, 
incapacitating the patient. Roentgen examina- 
tion of the ankle was unrevealing. Three days 
later the patient had a mild episode of nausea 
and vomiting; this cleared spontaneously. 
However, it soon returned and with it the pa- 
tient suddenly vomited a large quantity of 
bright red blood. She later passed a copious 
tarry stool. There were no localizing abdominal 
symptoms. The patient was readmitted to the 
hospital as an emergency. 

Examination revealed the pulse rate to be 
108 beats per minute, the respiratory rate 28 
per minute and the blood pressure 120 systolic 
and 60 diastolic. The physical examination was 
entirely negative except for painful ecchymotic 
areas over the left buttock, right foot and both 
forearms extending into the biceps region. The 
blood count on admission revealed a hemoglobin 
of 7.25 gm. per 100 cc. and the erythrocytes 2.8 
million per cu. mm. of blood. 

An immediate transfusion of 500 cc. of whole 
blood was given. During the course of this admis- 
sion a total of 4,000 cc. of whole blood was 
administered without incident. 

Laboratory studies revealed the erythrocyte 
fragility test to be within normal limits. The 
bleeding and clot retraction time was normal. 
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The Rumpel-Leedes test was negative. The pro- 
thrombin time (Quick) was eleven seconds. The 
coagulation time (Lee-White) was reported as 
forty-two minutes. The icteric index was 5 units, 
the cephalin flocculation test was negative, the 
total protein was 5.9 gm. with 3.9 gm. of 
albumin and 2.0 gm. of globulin per 100 cc. 
of blood. The urinalysis was completely nega- 
tive. Roentgenographic examination of the 
stomach revealed evidence of irritability and 
spasm in the pyloroduodenal segment without 
evidence of a niche. 

The clinical course after the first forty-eight 
hours was uneventful. New areas of ecchymoses 
did not appear. On the twelfth hospital day 
she was discharged. During the next two months 
ecchymotic areas continued to appear spon- 
taneously over her arms and legs. She received 
a course of parenteral vitamin K for a short time 
without apparent effect. Because of the persist- 
ence of the patient’s hemorrhagic phenomena 
she was referred to one of us (M. S. B.) for 
further evaluation and possible therapy. The 
patient was admitted to University Hospital on 
March 25, 1953, for that purpose. 

A careful evaluation of the family history 
failed to reveal any evidence of a bleeding 
tendency in any of its members. The past his- 
tory was unremarkable except that the patient’s 
menstrual periods lasted up to ten days. There 
was no history of exposure to known bone mar- 
row depressant chemicals or drugs. 

Physical examination revealed the patient to 
be well developed and well nourished. She did 
not appear to be acutely ill and was in no dis- 
tress. The temperature was 99°F., the pulse rate 
100 beats per minute, respiratory rate 16 and the 
blood pressure was 120 systolic and 80 diastolic. 
There was some oozing of the gums at the base of 
the lower right premolars. There was no icterus 
and no petechiae. Large areas of resolving 
ecchymoses were present over the lateral and 
medial aspects of the left arm just above the 
elbow joint and around the right ankle. There 
was no significant lymphadenopathy. The liver 
and spleen were not palpable. There were no 
other significant abnormalities. } 

Laboratory studies revealed the hemoglobin 
to be 10.2 gm. per 100 cc. of blood and the 
erythrocytes 4.10 million per cu. mm. The 
leukocytes were 5,650 and the differential count 
was normal. The hematocrit was 41 per cent. 
The reticulocyte count was 3.7 per cent. The 
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sedimentation rate (Wintrobe) was 18 mm. per 
hour. The bleeding time was three minutes, the 
coagulation time was ninety minutes and the 
clot retracted in thirty-five minutes. The 
Rumpel-Leedes test was negative. The prothrom- 
bin time (undiluted) was sixteen seconds. The 
patient’s blood typed AB, Rh-positive. 

Sternal marrow aspiration was performed. 
The myeloid-erythroid ratio was 2.2:1. The 
differential cell count was not remarkable. 
Normal appearing megakaryocytes producing 
platelets were frequently seen. 

The serum bilirubin was 0.75 mg. per 100 cc. 
of blood. The total protein measured 6.7 gm. 
per 100 cc. of blood with 4.0 gm. of albumin and 
2.7 gm. of globulin per 100 cc. of blood. The 
serum calcium was 10.0 mg. per 100 cc. of blood. 
The plasma fibrinogen was 0.27 gm. per 100 cc. 
of blood. The electrophoretic pattern of the 
plasma proteins was not remarkable except for a 
slight increase in the beta-globulin fraction. 
The vitamin C saturation index was within 
normal limits. The prothrombin consumption 
test was performed by the method of Ham‘ 
and was 10.0 seconds with a normal control 
of 55 seconds. A second determination was 12.5 
seconds and a hemophiliac control was 13.0 
seconds. Roentgenographic examination of the 
right wrist, ankle joint and chest was completely 
negative. 

The patient was hospitalized a total of fifteen 
days. During this period she remained rela- 
tively asymptomatic except for the appearance 
of fresh painful ecchymotic spots over the left leg 
and the extensor surface of the right elbow. 
These were very small and disappeared in a 
few days. Oozing of the lower right gum con- 
tinued and was still present at the time of 
discharge. 

On the ninth hospital day the patient was 
started on parenteral cortisone therapy. She 
received 200 mg. the first day, 150 mg. per day 
for the next two day and 100 mg. per day on the 
twelfth and thirteenth hospital days for a total 
dose of 700 mg. in five days. There was no ap- 
parent change in the patient’s symptomatology 
during this period. The patient was discharged 
unimproved with a coagulation time of over two 
hours. 

An evaluation of the admission hematologic 
data suggested the probable presence of a 
circulating anticoagulant in the patient’s blood 
stream. Special studies were undertaken to 


identify this substance and to study some of its 
characteristics. 

A. Mixture of Patient?s Plasma with Normal 
Blood. The plasma was prepared by mixing 
sodium citrate with whole blood so that the 
final citrate concentration was 0.25 per cent. 
The blood was centrifuged at 2,000 rpm for 
thirty minutes. The plasma was quickly re- 
moved and placed in dry test tubes into which 
2 cc. of normal fresh unclotted blood was placed 
and a clotting time performed (after Lozner,' 
modified). 


Patient’s Plasma Normal Blood Time (sec.) 
(ml.) (ml.) 
0.00 2 son 
0.01 2 240 
0.05 2 240 
0.10 2 300 
0.20 2 340 


This procedure showed that the addition of even 
minute amounts of our patient’s plasma signifi- 
cantly prolonged the coagulation time of normal 
blood. 

B. Mixture of Patient?s Blood with Normal 
Plasma. 


Patient’s Blood Normal Plasma 
Time (min.) 
2 0.00 Over 60 
2 0.01 Over 60 
2 0.05 Over 60 
2 0.10 Over 60 
2 0.20 Over 60 


This procedure demonstrated that the addition 
of normal plasma to our patient’s blood did not 
alter the coagulation time. 

C’. Mixture of Patient?s Plasma and Normal 
Plasma. Four and one-half ml. of the patient’s 
and of normal blood were each added to 0.5 ml. 
of 0.1 M potassium oxalate in separate tubes. 
The bloods were centrifuged at 1,000 rpm for 
five minutes. The plasmas in varying dilutions 
were mixed together and a recalcification time 
performed using 0.1 ml. of the mixture and 
0.2 ml. of 0.025 M calcium chloride (after 
Ham‘). 


AMERICAN JOURNAL OF MEDICINE 


i 
4 
| 
| 
| 
| 
4 
| 
| 
| 
| 
| 
i 
| 


Circulating Anticoagulant—Bruno, Brody 


Patient’s Plasma | Normal Plasma Ti 
(ml.) (ml.) ime (sec.) 
0.2 0.0 280 
0.4 0.1 285 
0.1 0.1 290 
0.1 0.2 271 
0.1 0.4 185 
0.0 0.2 135 


This procedure revealed that the addition of 
small amounts of the patient’s plasma to normal 
plasma increased the recalcification time of 
normal plasma. 

D. Mixture of Patient’s Plasma with Varying 
Amounts of Normal Plasma and a Hemophiltiac’s 
Plasma. * 


Normal Patient’s Hemophiliac | Time 
Plasma (%) | Plasma (%) | Plasma (%) | (sec.) 
100 44.5 
80 20 70.0 

50 50 87.0 

20 80 93.0 
100 122.0 
20 ca 80 54.0 

80 ers 20 50.0 

20 80 132.0 

80 20 125.5 


The addition of varying percentages of the 
patient’s plasma to normal plasma and hemo- 
philiac plasma demonstrated a similar anti- 
coagulant effect. 

E. Titration of Salmine Sulfatet in vitro. Two 
milliliters of the patient’s blood was mixed with 
varying dilutions of salmine sulfate. 


Salmine Sulfate Patient’s Blood Tier (esin:) 
(mg.) (ml.) 
0.001 2 Over 60 
0.100 2 Over 60 
0.000 2 Over 60 


F. Titration of Salmine Sulfate in vivo. Fifty 
mgm. of salmine sulfate was administered to our 


* The authors wish to express their appreciation to Dr. 
Murray Weiner for having performed this test for us in 
his laboratory. 

? Protamine sulfate, 1%, Eli Lilly and Company. 


MAY, 1954 


759 


patient intravenously and her coagulation time 
was followed. 


Time after Salmine 

Sulfate Administered Clotting Time (min.) 


These two procedures revealed that the addition 
of salmine sulfate both zn vivo and in vitro had no 
effect on the patient’s clotting time. 

G. Effect of the Transfusion of 500 cc. of Whole 
Blood. 


Amount of Blood 
Administered (ml.) Clotting ‘Time (min.) 


The transfusion of 500 ml. of normal fresh 
whole blood into our patient had no appreciable 
effect on her coagulation time. 

These procedures indicated the presence of an 
anticoagulant in the patient’s plasma. This 
effect was not neutralized by the addition of 
normal blood in vitro and in vivo, by normal 
plasma in vitro and by salmine sulfate zn vivo and 
in vitro. On the other hand, the addition of our 
patient’s blood or plasma to normal blood, nor- 
mal plasma and hemophiliac plasma increased 
the clotting time of these solutions to an ap- 
preciable extent. 

Having identified the presence of an anti- 
coagulant we then proceeded to study some of 
its physical characteristics. 

Effect of Heat. The patient’s plasma was 
heated for ten minutes at 57°c. The heated 
plasma was mixed with varying dilutions of 
normal plasma and a recalcification time was 
performed using 0.2 ml. of 0.025 M CGaCle. 


Patient’s Plasma | Normal Plasma | Recalcification 
(ml.) (ml.) Time (sec.) 
0.1 0.1 540 
0.0 0.2 135 


Heating had no effect on the anticoagulant 
properties of the patient’s plasma. 

Effect of Standing at Room Temperature. ‘The 
patient’s blood was drawn, mixing 0.5 ml. of 
0.1 M potassium oxalate with 4.5 ml. of blood. 
The blood was centrifuged at 2,000 rpm for 
thirty minutes and the plasma was quickly 
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separated from the red cell layer. It was then 
allowed to stand at room temperature (30°c.) 
for forty-eight hours. The patient’s plasma was 
then mixed with normal plasma and a recalcifi- 
cation time was performed using 0.2 ml. of 
0.025 M CaCl. 


Patient’s Plasma | Normal Plasma | Recalcification 
(ml.) (ml.) Time (sec.) 
0.1 0.1 230 
0.0 0.2 120 


After standing at room temperature of 30°c. for 
forty-eight hours the anticoagulant effect of the 
patient’s plasma persisted. 

Effect of Dialysis. Ten ml. of the patient’s 
plasma was dialyzed against 190 ml. of 21 per 
cent sodium sulphite until equilibrium was 
reached. The contents of the dialysis bag was 
centrifuged and the supernatant containing the 
albumin was removed. The precipitate was 
dissolved in 0.15 M sodium chloride and dialyzed 
against 0.15 M sodium chloride until free of 
sulphite. Twenty-four hours later the contents 
of the bag was removed and mixed with normal 
plasma and a recalcification time was performed 
using 0.2 ml. of 0.025 M CaCl, (after Munro). 


Patient’s Plasma | Normal Plasma | Recalcification 
(ml.) (ml.) Time (séc.) 
0.1 0.1 158 
0.0 0.2 81 


The anticoagulant effect of the patient’s plasma 
was not dialyzable. 

Having studied some of the physical properties 
of our anticoagulant we next turned to a short 
study of some of the possible effects of cortisone 
therapy upon it. Lee-White clotting times were 
performed before, during and at the completion 
of cortisone therapy. The coagulation times 
remained over sixty minutes in every instance. 
A prothrombin consumption test was performed 
at the completion of cortisone therapy and was 
found to be 11.0 seconds, which was unchanged 
from the pretreatment levels. Finally, varying 
dilutions of the patient’s and normal decalcified 
plasma were mixed at the end of cortisone therapy 
and a recalcification time was performed as 
follows: 
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Mixture of Patient’s Plasma and Normal Plasma 


after Cortisone Therapy. 


Patient’s Normal Recalcifica- 

Plasma Plasma —— tion Time 
(ml.) (mal.) (ml.) (sec.) 
0.2 0.0 0.2 960 
0.4 0.1 0.4 510 
0.1 0.1 0.2 350 
0.1 0.4 0.4 180 
0.0 0.2 0.2 150 


From these data it is apparent that cortisone did 
not in any way neutralize the anticoagulant 
effect of the patient’s plasma; in fact, it is 
possible that the reverse may have occurred. 


COMMENTS 


In two recent reviews®!® Quick summarizes 
what appears to be the most acceptable theory of 
blood coagulation to date. According to this 
concept five primary agents are required for the 
formation of thrombin. They are platelet factor, 
thromboplastinogen, calcium, labile factor and 
prothrombin. The first two are the thrombo- 
plastin factors and when either is deficient or 
their effect neutralized, poor consumption of 
prothrombin results during clotting. The latter 
three constitute the prothrombin complex. The 
hemorrhagic diseases have therefore been di- 
vided into two groups: the hypoprothrombi- 
nemias and the hypothromboplastinemias. By 
means of two simple tests, the prothrombin time 
and the prothrombin consumption test, a bleed- 
ing condition can be initially classified. 

When one considers the hemorrhagic dis- 
eases associated with hypothromboplastinemia, 
hemophilia and thrombocytopenic purpura 
immediately come to mind. In the case of the 
latter the disease is of at least moderate severity.'! 
In very recent years a third condition has been 
clearly described in which hypothromboplasti- 
nemia is prominent. This disease, in many ways 
quite similar to hemophilia but actually totally 
unrelated except when they occur together, is 
due to the presence of a circulating anticoagulant 
in the blood stream. All three of these conditions 
have clinical and hematologic similarities, which 
is not too surprising when one understands the 
nature of the respective deficiencies in the clot- 
ting mechanism. By the same token, however, 
there are striking differences. 
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Hemophilia is due to a lack of thrombo- 
plastinogen. Because of this lack little thrombin 
can be formed irrespective of the excess of the 
other clotting factors. In thrombocytopenic 
purpura of appreciable severity there is also a 
defective production of thrombin. In this in- 
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among female subjects. Quick!‘ reviewed seventy- 
eight hemophiliac families and could not 
find any affected females. Bucura'® collected 
197 cases of supposed female hemophiliacs from 
the literature but found that to none of them did 
the diagnosis truly apply. Israels'® in 1951 
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stance the basic deficiency is lack of platelet 
factor, not of thromboplastinogen. 

In the third condition, namely, hypothrombo- 
plastinemia due to a circulating anticoagulant, 
there is neither a deficiency of platelet factor nor 
of thromboplastinogen. It is the opinion of most 
of the authors who have reported their experi- 
ence with this condition that while the plasma 
level of circulating thromboplastinogen is 
probably not altered, its effectiveness is neutral- 
ized to a marked degree by the presence of an 
inactivating antibody. The antibody and the 
anticoagulant are most probably one and the 
same. 

In all three conditions, hemophilia, throm- 
bocytopenic purpura and circulating anti- 
coagulant, there is a resultant deficiency in 
thromboplastin. 

The coagulation times of our patient varied 
from 60 to 120 minutes in the presence of a 
normal platelet count, negative Rumpel-Leedes 
test, normal bleeding time, normal prothrombin 
time, negative sternal marrow, normal serum 
calcium and fibrinogen level. The prothrombin 
consumption time was markedly decreased, 
indicating very poor utilization of prothrombin 
under conditions in which the normal process of 
clotting was allowed to reach completion. We 
can presume, therefore, that a deficiency of 
thromboplastin exists and that we are dealing 
either with true hemophilia or with a circulating 
anticoagulant. The patient obviously does not 
meet any of the basic criteria for the diagnosis of 
thrombocytopenic purpura. 

The syndrome of prolonged clotting time in a 
female associated with normal hematologic 
findings and a negative family history has been 
termed pseudohemophilia,'!? heme-hemophilia® 
and hemophilia-like disease’ in the literature. 
Bullock and Filds!* surveyed 600 hemophiliac 
families and could find no evidence of the disease 
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presented the first substantiated case of hemo- 
philia in a female. In this instance the father and 
maternal uncle were known hemophiliacs and 
the patient had suffered from a severe bleeding 
tendency from childhood. There is but one 
possible mechanism for the development of 
hemophilia in the female. (Fig. 1.) One can 
easily see that, statistically speaking, the required 
combination of afflicted ancestry must be ex- 
tremely rare. It should be apparent from what 
has been presented that, in a female, the diag- 
nosis of hemophilia is untenable when a family 
history of the disease cannot be substantiated. In 
retrospect we can presume that some of the 
cases presented as hemophilia-like syndromes in 
the literature may have been due to a circulating 
anticoagulant, as in our case. The adoption of 
loose terminology to describe this condition and 
associate it with hemophilia, being both confus- 
ing and hematologically incorrect, should be 
discontinued. 

The studies undertaken to identify the pres- 
ence of an anticoagulant in our patient’s blood 
confirmed our original suspicions. Our patient’s 
blood and plasma when mixed with normal 
blood, normal plasma and hemophiliac plasma 
distinctly increased the clotting time of these 
fluids to an appreciable degree. These deter- | 
minations indicate that our patient had an 
anticoagulant or anticoagulant-like substance 
in her plasma. On the other hand, the addition 
of normal plasma or blood to our patient’s 
blood or plasma did not effect any change in 
the coagulation time, proving that she did not 
have hemophilia. Prolongation of the clotting 
time of normal blood or plasma upon the addi- 
tion of similar body fluid from a suspected 
patient is pathognomonic of the presence of a 
circulating anticoagulant. 

The physical properties of the anticoagulant in 
our Case were similar in most respects to the 
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great majority of those previously described and 
studied.’ The anticoagulant present was not 
heparin or a heparin-like substance since the 
addition of salmine sulfate, both in vitro and in 
vivo, had no effect on the clotting time. This was 
the experience of all authors who studied this 
property of their anticoagulant with one excep- 
tion.!7 Our anticoagulant had the following 
additional properties: it was thermostabile, it 
was not dialyzable and its effect was not dis- 
sipated after standing at room temperature for 
forty-eight hours. Harrington and his asso- 
ciates,'® studying the properties of antithrombo- 
plastin, found that it was made ineffective 
by dilution, heating at 65°c. for five minutes 
and by standing at room temperature. We can 
therefore infer that our anticoagulant was not an 
antithromboplastin. Further studies of the 
nature of this anticoagulant showed that it was 
not an antithrombin and most probably was 
an antithromboplastinogen. The anticoagulant 
probably exerts its effect by neutralization or 
destruction of the thromboplastin-precursor, 
thromboplastinogen. The anticoagulant in our 
case and in eleven similar cases did not seem to 
be a part of the normal mechanisms for main- 
taining fluidity and coagulability of blood. If it 
were a foreign substance, which we and many of 
the previous authors suspect, it would be entirely 
reasonable to believe that it might well be an 
antibody. In other instances!*:?° in which the 
plasma was separated electrophoretically, it was 
found that the anticoagulant was associated 
with the gamma globulin fraction. Identification 
with gamma globulin suggests that the anti- 
coagulant is of the nature of an antibody. 
Craddock and Lawrence?® then went further and 
were able to obtain precipitins in good titer 
against antihemophiliac globulin (thrombo- 
plastinogen). Their evidence strongly suggested 
that the anticoagulant was an antibody. Dreskin 
and Rosenthal,’ although not able to demon- 
strate either precipitins or complement fixing 
antibodies to their anticoagulant, nevertheless 
believed that the immunologic nature of the 
anticoagulant was highly probable. 

As already mentioned, anticoagulants develop 
in three types of cases; (1) de novo, (2) after 
repeated transfusions of whole blood and (3) in 
the postpartum state. One cannot formulate any 
opinion as to why an antibody should develop 
‘spontaneously. However, in the latter two cate- 
gories, which make up the majority of the cases, 
mechanisms for producing isoimmunization 


against thromboplastinogen are apparent. In- 
troduction of foreign protein with repeated 
transfusion of whole blood is an obvious poten- 
tial cause for the production of antibodies. In 
three previous cases and in our case the anti- 
coagulant developed within a short interval of 
parturition. In these women isoimmunization 
could have occurred across the placental barrier, 
as with the Rh factor. In our case there is also 
the history of a retained placenta. In all cases 
once the transfusion of whole blood had been 
instituted to correct a bleeding phenomenon, 
isoimmunization can become accentuated if 
already present, or it may initially develop. 
The failure of hemophiliac patients to respond 
to fresh blood transfusions due to the develop- 
ment of a circulating anticoagulant has been 
described in the literature.*:* In fact this consti- 
tutes the largest single group of cases reported 
in whom an anticoagulant has been identified. 
When one considers the mechanism for develop- 
ment of the anticoagulant in this type of 
case, one comes to realize that repeated trans- 
fusions is the only pertinent factor. We believe 
that the development of a circulating anti- 
coagulant and consequent alteration in clinical 
course Can occur in any patient exposed to 
repeated whole blood transfusions and _ that 
when a patient receiving frequent transfusions 
has a striking alteration in the expected clinical 
course, with accentuation or initial development 
of hemorrhagic manifestations, the presence of a 
circulating anticoagulant must be _ seriously 
considered. 

Having decided that our anticoagulant was 
probably an antibody which affected neutraliza- 
tion or destruction of the thromboplastin- 
precursor, thromboplastinogen, the next logical 
step was to treat our patient with cortisone 
or ACTH. Smith and his co-workers?! studied 
the effects of ACTH and cortisone on certain 
factors of blood coagulation as a corollary to 
treating twenty-six patients with various collagen 
diseases. Their results were variable and did not 
allow of any general conclusions. In some pa- 
tients the clotting times were increased presum- 
ably because of the release of heparin or a 
heparin-like substance due to a situation “akin 
to the hyperheparinemia of anaphylactic shock.” 
In others there was a striking decrease in the 
clotting time in less than twenty-four hours. In 
our own patient there was no change in the 
clinical course which would suggest any bene- 
ficial effect. Indeed, the patient had an exacerba- 
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tion of symptoms and objective findings which 
continued during the follow-up period. This 
reached its height three months after discharge 
from the hospital when the patient had a second 
massive gastrointestinal hemorrhage. 


CONCLUSIONS 


1. A case of a twenty-seven year old female is 
presented who, three months postpartum, de- 
veloped a circulating anticoagulant associated 
with a striking hemorrhagic diathesis. A pro- 
longed coagulation time and markedly de- 
creased prothrombin consumption time were 
the prominent hematologic findings. 

2. The anticoagulant was probably an anti- 
thromboplastinogen ultimately causing either 
neutralization or destruction of the thrombo- 
plastin-precursor. 

3. Isoimmunization via the placental site was 
a likely cause for the development of this anti- 
coagulant. Transfusion of whole blood, which 
became a therapeutic necessity once the patient 
began to bleed, may have accentuated the 
anticoagulant effect. 

4. Cortisone therapy did not favorably alter 
the clinical or hematologic picture and may have 
accentuated the condition. 

5. The adoption of terminology that asso- 
ciates hemophilia and circulating anticoagulant 
is confusing and hematologically incorrect and 
should be discontinued. 
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Tuberous Sclerosis 


Report of a Case with Unusual Pulmonary Manifestations 


CHARLES M. SILVERSTEIN, M.D. and GEORGE L. MITCHELL, JR., M.D. 
Atlanta, Georgia 


HE triad of adenoma sebaceum, mental 
| retardation and convulsions points to 
the diagnosis of tuberous sclerosis. This is 
a rare disease characterized by a tendency to 
tumor formation with a predilection for the 
skin, brain and eye, although practically every 
organ in the body has been reported to be 
involved at times. Clinical manifestations usu- 
ally become obvious in childhood and the 
majority of these patients are found in mental 
institutions. In the absence of the classic triad 
the multiplicity of organ involvement may 
produce clinical pictures which present con- 
siderable diagnostic difficulty. 

The following case is believed worthy of 
reporting because neuropsychiatric symptoms 
were absent and involvement of the respiratory 
system was the most striking clinical finding. In 
this twenty-three year old woman asymptomatic 
‘miliary’ lesions in the lung of three years’ 
known duration were followed by recurrent 
spontaneous pneumothorax and death within 
one year. Since we have not encountered a 
similar American case report, both the European 
and American literature pertaining to pulmo- 
nary tuberous sclerosis have been reviewed. 


CASE REPORT 


M. H., a twenty-five year old colored maid, 
entered the hospital on September 24, 1951, 
complaining of dyspnea associated with right- 
sided chest pain and cough. Six hours before the 
onset of these symptoms she had been struck on 
the right side of the chest by her husband. 

This was the patient’s third hospital admis- 
sion. In June, 1949, she had been admitted to 
the Gynecology Service because of hypermenor- 
rhea and anemia due to a leiomyoma of the 
uterus. At that time she was noted to have 


‘‘neurofibroma-like warty growths’’ on her face 
and body. Physical examination revealed moist 
rales at both apices. The patient gave a history 
of occasional dyspnea for one year and had 
coughed up a small amount of blood. A chest 
roentgenogram showed small miliary densities 
throughout both lung fields, more marked in the 
bases. (Fig. 1.) There was no evidence of hilar 
adenopathy, pleural effusion or cardiac en- 
largement. The patient had no fever and little 
cough. Sputum studies failed to reveal acid-fast 
bacilli. She was discharged without operation 
to be followed in the outpatient department 
while the etiology of the pulmonary findings was 
being determined. 

During the next six months diagnostic studies 
failed to demonstrate the presence of tuber- 
culosis. Sputum studies were negative, tuber- 
culin skin tests were negative and there was no 
change in the chest roentgenogram. Further- 
more, the patient was asymptomatic and gained 
weight. The presumptive diagnosis was changed 
to sarcoidosis. Roentgenograms of hands and 
feet at this time were negative. 

The patient continued to have hypermenor- 
rhea with moderate anemia and in June, 1950, 
she was readmitted for hysterectomy. The 
physical, laboratory and radiographic findings 
were, with one exception, unchanged. She had 
a low-grade fever and evidence of a urinary tract 
infection with albuminuria, a few red and white 
blood cells in the urine and a urine culture posi- 
tive for Aerobacter aerogenes. She was treated 
with sulfadiazine and streptomycin with disap- 
pearance of the cellular elements but persistence 
of albuminuria. An intravenous urogram ap- 
peared normal except for the suggestion of a 
possible mass located in the lower pole of the left 
kidney. A consultant from the Department of 
Internal Medicine concurred with the pre- 


* From the Departments of Radiology and Medicine, Emory University School of Medicine and Grady Memoria] 
Hospital, Atlanta, Ga. 
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sumptive diagnosis of sarcoidosis and thought 
the patient also had neurofibromatosis. Total 
hysterectomy was performed and leiomyomas 
of the uterus were found. Histologic examination 
revealed proliferative endometrium: and an endo- 
metrial polyp. The patient was discharged 
August 29, 1950, and was asymptomatic until 
the present admission. 

The patient had seven siblings, all of whom 
were said to be normal. Physical examination 
and chest roentgenograms of the mother and 
two sisters were normal. 

The nodules on the patient’s face and body 
had been present since the age of nine months. 
At five years of age she had a series of grand mal 
seizures over a period of two months, which 
ceased after short-term administration of anti- 
convulsant treatment. Since that time she had 
had no convulsions nor had she taken any drugs. 
She seemed above normal in intelligence and 
had completed high school. 

Physical examination on the present admission 
revealed a markedly dyspneic and orthopneic 
young colored woman. The temperature was 
98°F., pulse 94, respirations 30 and blood pres- 
sure 130/70. Several areas of depigmentation 
were noted on all extremities. There was a 
1 by 1 by 5 cm. firm, movable, subcutaneous 
nodule in the center of the scalp just within the 
hairline. There were numerous skin lesions of 
the face, none involving the circumoral region. 
On the forehead were several brownish-pink, 
soft, slightly raised nodules varying in size from 
2 cm. to 1 mm. There was a “‘butterfly distribu- 
tion” of lesions, pedunculated and plaque-like, 
round, pink to brown and varying in size from 
0.25 cm. to pinhead, and similar lesions were 
present on the chin. Several of these same 
lesions were scattered over the body. Along the 
sixth right rib in the anterior axillary line was 
a 1 by 2 by .5 cm. firm, movable, subcutaneous 
nodule. 

Funduscopic examination showed a flat, grey, 
avascular area just below the inferior temporal 
artery on the left involving the superficial retinal 
layer, which was interpreted as a phacoma by 
the ophthalmologic consultant. 

Examination of the chest revealed signs of 
pneumothorax on the right. The left lung was 
clear to percussion and auscultation. The 
heart was not remarkable. Abdominal and 
pelvic examinations were normal except for 
absent uterus. The neurologic examination was 
normal. Examination of the extremities revealed 


MAY, 1954 


densities. 


no edema or clubbing. The toes showed several 
subungual fibromas. 

Urinalyses showed a normal specific gravity 
with proteinuria varying from 3+ initially to 
a trace when the patient was discharged. There 
were no cellular elements or casts. The hemo- 
globin value on admission was 8.2 gm. per 
100 cc. This rose to 11.1 gm. following iron 
therapy and proper diet. There was no leuko- 
cytosis. Sickle cell preparations were negative 
and stool specimens showed no evidence of 
occult blood. Bone marrow examination was 
normal. Blood urea nitrogen was 10 mg. per 
cent. Phenolsulfonphthalein excretion was 45 
per cent in one hour. Serologic test for syphilis 
and skin test for tuberculosis were negative. An 
electrocardiogram and_ electroencephalogram 
were normal. 

The chest roentgenogram confirmed the 
presence of an almost complete pneumothorax 
on the right side. (Fig. 2.) Further radiographic 
studies demonstrated the presence of intra- 
cranial calcifications, sclerotic lesions of bone 
and multiple renal tumors. (Fig. 3.) 

Several biopsies of the skin lesions were made. 
The opinion was that “‘the general pattern of 
the skin lesions from this patient are consistent 
with some of the dermal manifestations of 
tuberous sclerosis.” 

The combination of clinical, roentgenologic 
and pathologic findings made clear the diagnosis 
of tuberous sclerosis. 


> 
F 1 Ch h i bil al ili ry 
IG. i. est roentgenogram snowing Di ater milla 


766 Tuberous Sclerosis—Silverstein, Mitchell 


Fic. 2. Chest roentgenogram on third admission show- 
ing complete right pneumothorax. 


The pneumothorax was treated conserva- 
tively with aspiration of 1,500 cc. of air imme- 
diately after admission and the lung re-expanded 
without complications. 

After discharge the patient did well but 
was readmitted three times with spontaneous 
pneumothorax involving either side, the last ad- 
mission being in August, 1952. On the morning 
of December 23, 1952, while at home, she com- 
plained of sudden chest pain and severe short- 
ness of breath and died within two minutes. No 
autopsy was obtained. 


COMMENT 


We have found only two clinically studied 
and pathologically proved cases of pulmonary 
involvement in tuberous sclerosis reported in the 
European literature.'~* These are surprisingly 
similar to the present one in that the respiratory 
symptom of dyspnea and the chest roentgen 
findings were the chief clinical manifestations 
of tuberous sclerosis, and the onset of symptoms 
occurred in adult life. 

In both of these cases basic histopathologic 
changes are described as (1) diffuse transforma- 
tion of the alveoli and bronchioles into small 
cavities or cystic dilatations and (2) thickening 
and hyperplasia of the septa which form the 
walls of these cysts. The overgrowth involves 
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Fic. 3. Intravenous nephrogram showing enlargement 
of both kidneys with masses in the lower pole of both 
kidneys. The entire kidneys are opacified with the con- 
trast medium, indicating that the tumors have a satis- 
factory blood supply. 


connective tissue, muscle and vessels in varying 
degree. The muscle elements may predominate 
sufficiently for the stroma to be classified as 
‘“‘diffuse myomatosis” by the pathologist. This 
curious form of generalized cystic disease of the 
lung is not related to “‘congenital cystic disease”’ 
since the cysts generally do not communicate 
with the bronchial tree. 

The cysts have a tendency to increase in size 
from bare visibility (approximately 2 to 3 mm.) 
to “‘the size of hazel nuts or larger.’’? In Samuel- 
sen’s case the largest cyst was 1 cm. in diameter. 
The cysts may be multangular and the intersti- 
tial strands of varied thickness. 

If the cysts appear small and uniform, as in 
the case here reported, they do not appear as 
obvious cystic areas on the roentgenograms. 
Instead, the fine, round striae which separate 
the cysts show up as a reticular pattern through- 
out the lung. The points of intersection of this 
honeycomb structure may have a slightly 
nodular appearance so that the lung fields 
radiographically simulate miliary tuberculosis, 
pneumoconiosis, sarcoidosis and other dis- 
seminated lesions. (Fig. 4.) 

Berg and Zachrisson! reported lung changes 
in two sisters who had been in good health until 
the age of thirty. These two women had had 
adenoma sebaceum and fibroma unguinale since 
childhood but neither had had any manifesta- 
tion of pulmonary, mental or neurologic disease. 
One sister was admitted to the hospital because 
of a spontaneous pneumothorax. The cystic 


AMERICAN JOURNAL OF MEDICINE 


tn 
| 


Tuberous Sclerosis—Stlverstein, Mitchell 767 


changes on the chest roentgenogram showed the 
previously described variation and later in- 
creased in size. After discharge from the hospital 
“the subject’s condition alternated between 
periods of pneumothorax and, to all appear- 
ances, perfect health.”? There was no cough or 
expectoration. The patient developed gradually 
increasing dyspnea and cor pulmonale and died 
two years after her first admission. 

Vejlens,? who performed the necropsy, gave 
the first detailed report on the pathologic find- 
ings in the lungs and designated these as 
“tuberous sclerosis of the lungs.” He regarded 
the “‘myomatosis”’ as “‘one of the many expres- 
sions of a malformational disease with a tendency 
toward tumor formation.”’ Autopsy also revealed 
tuberous sclerosis of the brain, multiple bilateral 
renal and pararenal tumors, a splenoma and a 
lymph gland myoma. 

The sister of this patient complained of moder- 
ate dyspnea while working. Her chest roentgeno- 
gram showed a “‘slender reticular pattern over 
both lung fields caused by numerous dense round 
translucencies up to the size of peas.”’ A roent- 
genogram one year later showed no change. A 
bronchogram was normal. In addition to the 
skin lesions the sister had a tumor of the ocular 
fundus and a rectovaginal myoma. Two brothers 
also showed stigmata of tuberous sclerosis but 
had normal chest roentgenograms. 

The second autopsied case* was that of a 
forty-nine year old woman who had been 
treated for ‘‘chronic miliary tuberculosis” in a 
sanitorium over a five-year period because of the 
‘characteristic’ miliary appearance of the lung 
fields, along with symptoms of dyspnea, cough, 
expectoration and fatigue, and elevated sedi- 
mentation rate. Cultures and skin tests for 
tuberculosis were negative. The presumptive 
diagnosis was subsequently changed to sarcoido- 
sis because of the lack of change in the appear- 
ance of her chest roentgenogram and because 
of roentgen changes in the hands. She had no 
adenoma sebaceum, and there was no mention 
of epilepsy. There were evidently mental dis- 
turbances since she later had a diagnosis of 
‘“‘imbecility.”” Her clinical status was compli- 
cated by the presence of long-standing rheu- 
matic heart disease and she died of “cerebral 
infarction and hemorrhage”’ three years after the 
clinical diagnosis of “‘sarcoidosis’” was made. 

At necropsy the cysts varied from “quite 
diminutive” to several millimeters in size. The 
areas of interstitial ‘“myofibrosis,”’ which pro- 
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Fic. 4. Detail of lung invol 


vement. 

duced the miliary granular appearance, were 
about 1 to 2 mm. in size. An element of hemo- 
siderosis contributed to the pulmonary findings. 
Other autopsy findings included tuberous sclero- 
sis of the brain and multiple benign tumors in 
both kidneys. Impressed by these pulmonary 
manifestations, Berg and Zachrisson made the 
presumptive clinical diagnosis of tuberous scle- 
rosis in a thirty year old male who was seen at 
the hospital because of a spontaneous pneumo- 
thorax. He had previously been in good health 
except for diabetes insipidus of ten years’ dura- 
tion. Chest roentgenograms, which remained 
unchanged during the two-year period of obser- 
vation, showed the changes seen in tuberous 
sclerosis, with the cysts varying considerably in 
size. The diagnosis at first entertained was 
*“‘chronic miliary tuberculosis.”’ The patient re- 
mained asymptomatic during a two-year fol- 
low-up period. A bronchogram was normal. The 
radiographic appearance of the chest was un- 
changed. There were no other clinical stigmata 
of tuberous sclerosis. 

Ackermann‘ also made the presumptive clini- 
cal diagnosis of tuberous sclerosis in a twenty- 
five year old male with similar appearing lungs, 
who also had diabetes insipidus, polydactyly, 
and a peculiar multiple osteodystrophy some- 
what akin to that seen in neurofibromatosis and 
unlike that previously described in tuberous 
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‘sclerosis. During a six-year period there was no 
cnange in the appearance of the lungs. 

Since the diagnosis of tuberous sclerosis in 
these two preceding patients is tenuous, being 
suggested largely on the basis of the chest find- 
ings, the question arises whether these histo- 
pathologic changes in the lung have been 
reported without evidence of other organ in- 
volvement and in conditions other than tuberous 
sclerosis. 

Rosendal*® reported the case of a forty-two 
year old woman with progressive respiratory 
insufficiency, including episodes of pneumo- 
thorax. Necropsy showed the typical ‘“‘diffuse 
myomatosis and cyst formation in the lung”’ 
without other clinical or anatomical evidence of 
tuberous sclerosis or other associated disease. 
Von Stoessel® reported two similar cases, under 
the description ‘‘muscular cirrhosis of the lung.”’ 

Until the present time these pulmonary 
changes have not been reported in conditions 
other than tuberous sclerosis. However, since 
the pulmonary lesions are believed to be part 
of a malformational tumor-forming tendency, 
one would occasionally expect to encounter 
these changes in neurofibromatosis and similar 
malformational processes. 


CONCLUSION 


Since most of the organ involvement in 
tuberous sclerosis is asymptomatic, it appears 
that the respiratory syndrome, although un- 
common, is second only to intracranial involve- 
ment as a signal symptom of this disease and in 
its serious import for the patient. It is suggested 
that other evidence of tuberous sclerosis or other 
malformation be searched for in patients who 
present themselves with spontaneous pneumo- 
thorax and cystic or “‘miliary”’ lung disease. 
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ie 
Senile vaginal epithelium is low in glycogen, low in acid Normal vaginal epithelium is high in glycogen, is defi- 
and (inset) low in protective Déderlein bacilli, encourag- nitely acid and (inset) contains adequate Ddderlein 
ing growth of pathogenic organisms. bacilli to combat pathogenic organisms. 
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Restoring the Normal Acid Barrier to 


Trichomonal Vaginal Infection 


To discourage multiplication of trichomonads and to 


encourage physiologic protective mechanisms, a comprehensive 


therapeutic regimen with Floraquin® is instituted. 


The normal vagina, by reason of its acid reaction, 
is provided with a natural barrier against patho- 
genic microorganisms which require an alkaline 
medium. When the ‘“‘acid barrier’’ is removed, a 
hypo-acid state results and growth of the pro- 
tective, physiologic and nonpathogenic Déderlein 
bacilli is inhibited—to be replaced by such patho- 
genic organisms as the trichomonad, streptococ- 


cus, staphylococcus, colon bacillus and Monilia 


candida. 
As infection develops, the epithelial cell layers, 
which normally number between forty-five and 


fifty-five, may decrease to as few as fifteen to 
twelve layers or may disappear entirely. With this 
loss of glycogen-bearing cell layers, the available 
carbohydrate released by physiologic desquama- 
tion into the vaginal secretion and ultimately con- 
verted into lactic acid is proportionately decreased. 

Floraquin not only provides an effective tricho- 
monacide (Diodoquin®), destructive to pathogenic 


organisms, but furnishes sugar and boric acid for 


reestablishment of the normal vaginal acidity and 
regrowth of the normal protective flora. G. D. 
Searle & Co., Research in the Service of Medicine. 
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now contains 
purified ntrinsic 
factor concentrate 


MIN 


Iron e B12 eC e Folic Acid e Stomach e Liver Fraction 
LEDERLE 


with purified intrinsic factor concentrate 


PERIHEMIN, master builder of red cells and 
hemoglobin, contains all known hemopoietic 
essentials. Indicated for use in 9 out of 10 
of your anemia patients. 
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PURIFIED INTRINSIC FACTOR CONCENTRATE 
promotes rapid remission by “binding” 
Vitamin Bi2 and facilitating absorption of 
the ‘‘antianemia factor.” 


PERIHEMIN is available as: 
Capsules: Botties of 100, 500 and 1,000 
JR Capsules for children: Bottles of 100 and 1,000 


LEDERLE LABORATORIES DIVISION 


ERI COMPANY 


PEARL RIVER, NEW YORK 


*Reg. U.S. Pat. Off. 
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Compare before you prescribe 


modern criteria of good digitalis therapy 


| pure active principle 

complete absorption 

3 rapid onset of action 

@ smooth, even maintenance 

5 frequent dosage readjustment unnecessary 


6 virtual freedom from gastric upset 


digitaline nativelle 


conforms to the rigid criteria of a modern cardiotonic and 


provides oral, I.M., and I.V. forms for flexibility of dosage 


C 0 D are Vid 


DIGITALINE NATIVELLE 


—the original pure crystalline digitoxin 


Consult your Physicians’ Desk Reference for dosage information. 


VARICK COMPANY. INC 


Division of E. Fougera & Co., Inc.) 
V arick Stre e Ne Yor k 13, N. 
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a suitable choice for 
lipotropic therapy in 


CIRRHOSIS « CORONARY DISEASE 
ATHEROSCLEROSIS ¢ DIABETES 


Grautving clinical improvement reported with the 
use of lipotropics cirrhosis, coronary disease, 
atherosclerosis and diabetes has resulted wide- 
spread adoption of this therapy. 

The choice of the lipotropic used is critical to the 
patients response and the success of this manage- 
ment. Gericaps offers a high potency lipotropic tor- 
mula plus eatra tactors to assure optimal results. 


Each Capsule Supplies: 


CHOLINE & INOSEPOL synergistically equivalent 
to aproximately 1 Gm. of choline dihydrogen 
citrate. Superior potency of the fre lipotropic factors, 


RU TIN 20 me. and VITAMIN © 12. 
meabuility 

To aid in compensating tor detieren 

cholesterol restricted diet. 
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NOW AVAILABLE 
SUSPENSION 


popular cherry flavor 


and pediatric drops 


ACHROMYCIN Tetracycline, a new broad-spectrum 
antibiotic, is now available in a cherry-flavored 
liquid preparation and in pediatric drops, as well 
as in forms for oral and parenteral use. 


The cherry flavor of the new dosage forms is very 
popular with children and other patients. 


The Oral Suspension is supplied in a 1 oz. bottle 
of dry crystals. The suspension retains potency for 
2 weeks after reconstitution with water. 


ACHROMYCIN has proved effective against pneu- 
mococci, staphylococci, beta hemolytic streptococci, 
gonococci, meningococci, E. coli infections, acute 
bronchitis and bronchiolitis, and certain 
mixed infections. 


Developed by Lederle research, ACHROMYCIN has 
definitely fewer side reactions associated with its 
’ use. It provides more rapid diffusion in body 
tissues and fluids. 


DOSAGE FORMS: 


ORAL SUSPENSION: Cherry Flavor: 250 mg. per 5 cc. teaspoonful 
PEDIATRIC DROPS: Cherry Flavor: 5 mg. per drop. Graduated Dropper 
CAPSULES: 250 mg., 100 mg., and 50 mg. 

TABLETS: 250 mg., 100 mg., and 50 mg. 

INTRAVENOUS: 500 mg., 250 mg., and 100 mg. 

SPERSOIDS* Dispersible Powder: 50 mg. per teaspoonful (3.0 Gm.) 


*Reg. U. S. Pat. Off. 


LEDERLE LABORATORIES DIVISION awenscaw Cyanamid company PEARL RIVER, NEW YORK Tetracycline HCI 


Ain 
4 
4 
« 
# hte 
% 


38 


ZEW ,.council-accepted 


oral anticoagulant 


(not a coumarin derivative) 


with a wide range of safety 


Brand of Phenindions 2-phenyt 13 indandione. 


PHAR MACY 
LHEMISTRY 


Permits dependable prothrombin control 
with little risk of dangerous fluctuations 


e HEDULIN is not cumulative in effect— provides 
greater uniformity of action and ease of maintenance 


e HEDULIN is rapidly excreted—therapeutic effect 
dissipated within 24-48 hours if withdrawal 
becomes necessary 


e HEDULIN acts promptly, producing therapeutic 
prothrombin levels in 18-24 hours 


@ HEDULIN requires fewer prothrombin determinations— 
only one in 7 to 14 days, after maintenance 
dose is established 


e HEDULIN’s anticoagulant action is rapidly 
reversed by vitamin K, emulsion 


DOSAGE: 4 to 6 tablets (200 to 300 mg.) & = 


initially, half in the morning and half at 


night; maintenance dosage (on basis of e 


prothrombin determinations daily for first 
three days), 50 to 100 mg. daily, divided 


as above. 


Available on prescription through all phar- 
macies, in original bottles of 100 and 1000 a 


50-mg. scored tablets. 


Complete literature to physicians on request 


Yabeoar LABORATORIES, INC., MOUNT VERNON, N. Y. 


Registered trademark of Walker Leboratories, inc. 
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truly one the 


outstanding therapeutic agents 


Chloromveetin 


( Chloramphenicol, Parke-Davis ) 


The widespread and discerning use of a medici- 
nal product by physicians, in hospitals and in 
private homes—by day and by night, and in the 


treatment of patients of all ages—constitutes, we 
believe, the true proving ground which singles 
out and gives recognition to that product's place 


in the practice of medicine. 


More than 11,000,000 patients have been treated 
with CHLOROMYCETIN. Today its vast “prov- 
ing ground’ reaches out and extends into prac- 


tically every country of the civilized world. 


4 DETROIT 32, MICHIGAN 


PARKE, DAVIS & COMPANY 7 
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improve 


capillary 


resistance 


vascular accidents 


(CITRUS FLAVONOID 
COMPOUND 
WITH VITAMIN C) 


Five years of laboratory and clinical investi- 
gations establish the complete safety and value 
of C.V.P. in increasing capillary resistance and 
reducing abnormal bleeding due to capillary 
fragility. 


C.V. P. provides natural bio-flavonoids (whole 
natural vitamin P complex) derived from citrus 
sources—potentiated by vitamin C—which act 


synergistically to thicken the intercellular | 


ground substance (cement) of capillary walls, 
decrease permeability...and thus increase 
capillary resistance. 


each C.V. P. capsule provides: 


may protect against abnormal bleeding 
and vascular accidents in... é 


hypertension 

retinal hemorrhage 
diabetes 

e radiation injury 

purpura 

tuberculous bleeding 


“‘Many instances of hemorrhage and 
thrombosis in the heart and brain 
may be avoided if adequate amounts 
of vitamin P and C are provided.” 


Citrus Flavonoid Compound* 100 mg. 


Ascorbic Acid (C) 100 mg. 


*(water soluble whole natural vitamin “P” 
complex, more active than insoluble rutin 


or hesperidin) 


Professional samples and literatere 
on request. 


u. s. vitamin corporation 


Casimir Funk Laboratories, inc. (affiliate) 
250 East 43rd Street, New York 17, N.Y. 
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BACITRACIN e NEOMYCIN POLYMYXIN 


TROCHES 
FOR SORE THROAT 


Three antibiotics in potentiating action . ...WyBioTic Troches are formu- 
lated for wide-range bactericidal action with extraordinary freedom from 
sensitization and bacterial resistance. For non-febrile mouth and throat 
infections, both gram-negative and gram-positive. No danger of sensi- 
tizing the patient to antibiotics that may be needed systemically in later 
serious illness, nor of developing in him resistance to these antibiotics. 


EFFECTIVE....PALATABLE....SAFE 


Each Wysiotic Trochecon- 
tains: Zinc Bacitracin, 300 
units; Neomycin Base (as 
Sulfate), 5 mg.; Polymyxin 
B Sulfate, 2000 units. Sus- 
pended in pleasantly fla- 
vored candy base. 


ig Supplied: Cans of 48 troches. 
*Trademark 


Philadelphia 2, Pa. 


Wyeth 


BIOPAR 


intrinsically better 


BIOPAR 


supplements 
Spaces out > B,, injections 
replaces 


BIOPAR 


vitamin B,. 
and 
intrinsic factor Armour 


Each Biopar tablet supplies: 
Vitamin Bi2 

Crystalline U.S.P... 6 meg. 
Intrinsic Factor..:... 30 mg. 


THE ARMOUR LABORATORIES: 


POTENT 


AND FREE OF SERIOUS 
SIDE EFFECTS 


Hypotensive therapy is based upon a 
reduction of blood pressure to safe levels 
with the aim that progressive vascular 
damage may be averted or reversed. 


Vertavis and Vertavis-Phen are among 
the few hypotensive agents available 
which dilate spastic retinal arteries, 
improve cardiac efficiency and circula- 
tion, reverse left ventricular strain 
patterns in the EKG and diminish car- 
diac size. Their effects are accompanied 
by a marked subjective improvement in 
these patients. Marked falls in blood 
pressure have been recorded in the ma- 
jority of patients placed on Vertavis and 
Vertavis-Phen therapy. 


VERTAVIS® and VERTAVIS-PHEN® are 
potent drugs, but they are singularly free 
of serious side effects. Side effects such 
as nausea and vomiting may occur, but 
they are simply more unpleasant than 
serious. In no way do the side effects 
threaten the life of the patient. These 
drugs are safe in long-term therapy be- 
cause they provide the best therapeutic 
benefits of Veratrum viride. Both con- 
tain the newly isolated Veratrum alka- 
loid fraction, cryptenamine, which has 
a unique zone of safety between the 
nausea-producing and the therapeutic 
dose, in contrast to other Veratrum 
alkaloids which have almost identical 
therapeutic-emetic doses. 


Experience has shown that there are no 

safer drugs for the management of 
severe hypertension than Vertavis and 
Vertavis-Phen. 


IRWIN, NEISLER & COMPANY Decatur, Ilinois 
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in 
management 
of 


SEVERE 
HYPERTENSION 


the choice of drug that 
will not disrupt sympathetic 
reflexes is important 


The prime objective of Vertavis therapy 

is to stabilize blood pressure with 

lowered arterial tension—without disrupting 
the important sympathetic postural reflexes. 
Vertavis does not disrupt circulatory equilibrium. 
The drug produces widespread vasodilatation 
involving a central mechanism of blood pressure 
regulation. Peripheral resistance is clearly diminished ; 
the load on the heart is materially reduced with 
marked improvement of total circulation. 


Each tablet contains: 
Whole-powdered Veratrum viride 
(containing cryptenamine)...130 C.S.R.* Units. 


*Carotid Sinus Reflex 
Bottles of 100, 500 and 1000. 


An Effective Combination 
with Rauwolfia Therapy 


Vertavis-Phen containing 
grain phenobarbital is 
also available. 
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INDICATIONS: 


OTHER 


SUPPLIED: Topical Ointment of HYDROCORTONE Acetate 


2.5%, 5-Gm. tubes. 


OCORTONE is the registered trade-mark of Merck & Co., Inc. 
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for its brands of hydrocortisone. 
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effective in many patients ref ractory to other 


anticonvulsant therapy. Complete control of all major seizures was 
achieved with “Mysoline” therapy in 58 per cent of a group of 45 patients who had previously 
received other antiepileptic drugs without success; significant benefit was noted in 22 per cent. 


“Mysolime” i. inculsly free from toxic effects,” and when side reactions occur, they 
are usually mild and transient.” | 

The effectiveness of “Mysoline” and its relatively wide margin of safety is well documented in the — 
literature. Complete information and extensive bibliography may be obtained upon request. 
No. 3430 — supplied in 0.25 Gm. tablets (scored), bottles of 100 and 1,000. 


1. Doyle, P. J., and Livingston, S.: J. Pediat. 43:413 (Oct.) 1953. 
2. Whitty, C. W. M.: Brit. M. J. 2:540 (Sepe. 5) 1953. 
NEW YORK, N, Y. 
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age 


supplies needed vitamin © 


the third week of life through childhood, adolescence, 
and adult life, citrus fruits can supply rich sources 

of vitamin C -so essential to sound health and 
development. When ascorbic acid require- 

ents increase as in pregnancy, lactation, 

periods of elevated metabolism, and 

convalescence from illness or surgery 

itrus is even more valuable 


FLORIDA CITRUS COMMISSION 
LAKELAND, FLORIDA 


FLORIDA 


GRAPEFRUIT ORANGES TANGERINES 
ACCEPTED FOR ADVERTISING 


IN JOURNALS OF THE 
AMERICAN MEDICAL ASSOCIATION 


LICHOUS AND NUTRITIOUS 
AS FRUIT OR JUICE 
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NIGHT and DAY 


patients appreciate the 
effectiveness of LUASMIN 
in controlling the | 
distressing symptoms 

of bronchial asthma... 


A capsule and an 
enteric-coated tablet 

at bedtime generally 

results in an 

uninterrupted night of sleep— 
and if needed, capsules 

give relief during the day. 


Enteric Coated Tablets and Capsules 


arouide 


Theophylline Sodium Acetate ...............(3 gr.) 0.2 Gms. 
Ephedrine Sulfate , (2 gr.) 30 Mg. 
Phenobarbital Sodium (% gr.) 30 Mg. 


Also available in half-strength. 


For samples just send your Rx blank marked 131LU3 


BREWER & COMPANY, INC. WORCESTER 8, MASSACHUSETTS U.S.A. 


pews - 
EST. 1852 


check night secretion 
in peptic ulcer: 


BRAND OF EPOXYMETHAMINE BROMIDE 


Each tablet contains: — 
EKpoxytropine Tropate Methylbromide . . 2.5 mg. 


Supplied : 
Bottles of 100 and 500 tablets 


with 
Phenobarbital 


Each tablet contains: 
Epoxytropine Tropate Methylbromide . . 2.5 mg. 
Phenobarbital 15.0 mg. (4 gr.) 


Supplied: Bottles of 100 tablets 


@TRADEMARK, REG. U.S. PAT. OFF. 


THE UPJOHN COMPANY. KALAMAZOO, MICHIGAN 
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Puts the gouty arthritic “on the road” again... 


SBENEMID. 


PROBENECID 


Typical of the dramatic results with 
BENEMID in chronic gouty arthritis is the 
case of “J. B. . . . bedridden two months 
with continued pain. .. . At the end of pro- 
benecid therapy, he was able to walk un- 
aided and drive his automobile.” 
BENEMID “increases the excretion of uric 
acid by diminishing its tubular reabsorp- 


tion.”” It helps prevent tophi, decreases 
those already present*—thus diminishes in- 
flammation and muscular spasm.? Toxic 
reactions are unusual. 


Quick Information: Available in 0.5 Gm. 
tablets. Dosage: 1 to 4 tablets daily. Con- 
traindications: Renal impairment. 


References: 1. J.A.M.A. 149:1190, 1952. 2, J.A.M.A. 154:216, 1954. 3, Geriatrics 8:606, 1953. 
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amatic relief even in the “refractory” patient 


Even asthmatics who have proved refractory 
all customary measures including epine- 
phrine (and even to other forms of ACTH) may 

benefit dramatically from HP*ACTHAR Gel. 
_ Meee Fast relief i in severe attacks of bronchial 
asthms can “confidently expected with 
HP*ACTHAR Gel given either subcutaneously 
or intramuscularly. HP*ACTHAR Gel may 
also provide asting remissions. 
‘When used early enough, HP*ACTHAR Gel 
— become a valuable agent in prolonging 
. the life span of the asthmatic. The authori- 
_tative Journal of Allergy stresses: ACTH 


_ “should not be withheld until the situation : 
is hopeless.”’ ! 


Editorial, J. Allergy 23: 279, 1952. 


os 
_ ds The Armour Laboratories Brand 
DIVISION OF ARMOUR AND COMPANY GRICAGO 11, ILLINOIS 


when his need is greatest... postoperatively 


Severe or rapid depletion of water-soluble vitamins is effectively 
and optimally countered by ASF — Anti-Stress Formula. Fulfilling 
the recommendations of the Committee on Therapeutic Nutrition, 
National Research Council, ASF supplies the critical vitamin needs 
of the patient during periods of physiological stress. 


Each ASF Capsule contains: Thiamine Mononitrate : 10 mg. 
Riboflavin 10 mg. 
Niacinamide 100 mg. 
Pyridoxine Hydrochloride 2 mg. 
Calcium Pantothenate 20 mg. 
Ascorbic Acid 300 mg. 
Vitamin B.: Activity 4 mcg. 
Folic Acid 1.5 mg. 
Menadione (vitamin K analog) 2 mg. 


Dosage: 2 capsules daily in severe pathologic conditions; 
1 capsule daily when convalescence is established. 


atwress * Supplied: bottles of 30 and 100. 
A S nti-Stress Formula) 


BASIC PHARMACEUTICALS FOR NEEOS BASIC TO MEDICINE 
536 Lake Shore Drive, Chicago 11, Illinois 
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may be needed for red 


blood cell development and maturation. “Bemotinic” supplies all factors 
known to be essential for maximal hemopoietic and clinical response. 


TO SPEED RECOVERY IN THE COMMON ANEMIAS 


In addition to the convenient capsule form, “Bemotinic” is also supplied as a liquid — an 
extremely palatable orange-flavored preparation with no aftertaste, easy to pour, and non- 


alcoholic. 


“BEMOTINIC”’ LIQUID 
Each teaspoonful (5 cc.) contains: 


Ferric ammonium citrate _........................ 200.0 mg. 
Vitamin Biz U.S.P. (crystalline) ................ 4.0 mcg. 
Extractive as obtained from ... ... 450.0 mg. 
of fresh aoe tissue 
Folic acid U.S.P.. .............. 0.33 mg. 
Thiamine HCl] (Bi) 15 mg. 
Riboflavin (Bs) 1.0 mg. 
Pyridoxine HCI (Be) ............... 0.2 mg. 


No. 940 — Bottles of 16 fluidounces and 1 gallon. 
SUGGESTED DOSAGE: 


Adults: 1 to 2 teaspoonfuls. Children: 14 to 1 teaspoon- 
ful. Three times daily, or more as Preferably 
taken with food. 


“BEMOTINIC’? CAPSULES 
Each capsule contains: 


Ferrous sulfate exsic. (3 gr.) 200.0 mg. 
Vitamin Bis U.S.P. (crystalline) . 10.0 mcg. 
Gastric mucosa (dried) ......................00c0000. 100.0 mg. 
Desiccated liver substance, N.F. . 100.0 mg. 
Folic acid U.S.P. 0.67 mg. 
Thiamine mononitrate (B:) ... 10.0 mg. 
Vitamin C (ascorbic acid) ...... 50.0 mg. 


No. 340 — Bottles of 100 and 1,000. 


SUGGESTED DOSAGE: 
1 or 2 capsules three times daily. Preferably taken with 


food. 
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ORAL SUSPENSION: Cherry flavor. 
250 mg. per 5 cc. teaspoonful 


; CAPSULES: 250 mg., 100 mg., 50 mg. 


TABLETS: 250 mg., 100 mg., 50 mz. 


SPERSOIDS*: 50 mg. per teaspoonful (3.0 Gm.) 
Dispersible Powder 
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INTRAVENOUS: 500 mg., 250 mg., 100 mg. 


PEDIATRIC DROPS: Cherry flavor. 
Approx. 25 mg. per 5 drops. 
Graduated dropper. 


Tetracycline HCI Lederle 


ACHROMYCIN, the new broad-spectrum antibiotic, is now 
available in a wide range of forms for oral and parenteral 
use in children and adults. New forms are being prepared 
as rapidly as research permits. 

ACHROMYCIN is definitely less irritating to the gastro- 
intestinal tract. It is more rapidly diffusible in body 
tissues and fluids. It maintains effective potency for a 
full 24-hours in solution. 


ACHROMYCIN has proved effective against beta hemolytic 
streptococcic infections, E. coli, meningococci, staphyl- 
ococci, pneumococci and gonococci, acute bronchitis, 
bronchiolitis, pertussis and the atypical pneumonias, as 
well as virus-like and mixed organisms. 


LEDERLE LABORATORIES DIVISION AMER/CAN Gaanamid COMPANY Pearl River, N.Y. *Reg. U.S. Pat. Off. 
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“These tablets 
keep the swelling down 


day long.” 


TABLET 


BRAND OF CHLORMERODRIN 


NORMAL OUTPUT OF SODIUM AND WATER 


Individualized daily dosage of NEOHYDRIN == 1 to 6 tablets a day as needed == 
prevents the recurrent daily sodium and water reaccumulation which may occur 
with single-dose diuretics. Arbitrary limitation of dosage or rest periods to 
forestall refractivity are unnecessary. Therapy with NEOHYDRIN need never 
be interrupted or delayed for therapeutic reasons. Because it curbs sodium 
retention by inhibiting succinic dehydrogenase in the kidney only, NEOHYDRIN 
does not cause side actions due to widespread enzyme inhibition 


in other organs. 


Prescribe NEOHYDRIN in bottles of 50 tablets. 
There are 18.35 mg. of 3-chloromercuri-2-methoxy- 
propylurea in each tablet. 


Leadership in diuretic research 
LAKESIDE LABORATORIES, INC-MILWAUKEE 1, WISCONSIN 


| 
ip 
4 
: 
¥ 
afi 


PHOTOGRAPH BY RUZZIE GREEN 


When carefree eating leads to diarrhea... 


CREMOSUXIDINE. 


SULFASUXIDINE® SUSPENSION WITH PECTIN AND KAOLIN 


Food contamination is common when the 
weather turns warmer—may bring diarrhea to 
your unsuspecting patients. 


With palatable CREMOSUXIDINE, you have an 
exceptionally effective triad for control of spe- 
cific and rion-specific diarrhea: (1) ‘Sulfasuxi- 
dine’—for bacteriostatic action, (2) pectin—to 


inactivate toxins and, (3) kaolin—to adsorb in- 
testinal irritants and restore stools to normal 
consistency. CREMOSUXIDINE is well-tolerated. 


Quick Information: Average adult dose is 114 
to 2 tablespoonfuls six times a day. Children and 
infants in proportion. Supplied in Spasaver® 
bottles of 16 fi. oz. 


4 


60 


supplied: 

in 355 cc. (12 fluidounce) 
bottles. Also in bottles of 100 
tablets. (Each Maalox tablet is 
equivalent to 1 fluidram of 
Suspension.) . 


Samples will be sent 
promptly upon request. 


wer 


| 


for gastric hyperacidity in peptic ulcer 


Suspension Maatox—Rorer provides the 
hydroxides of Magnesium and Aluminum in 
colloidal form . . . pleasantly flavored and highly 
acceptable, even with prolonged use. 

Relief of pain and epigastric — 

distress is prompt and long-lasting. 
Freedom from constipation and 


side effects common to other antacids 
is noteworthy. 


WILLIAM H. RORER, INC. 


Drexel Bidg., Independence Square, Philadelphia 6, Penna. 
ESTABLISHED IN 1910 


{ 
| 
} 
j 
| 
# 
ge 
OF 
2 ae 
% 
ge i 
ee 
\ 
RORER 


61 


, 


Anoisolated, chemically pure, 


With possessing a measure of the pharmaco 
dynamic properties of the total alkatoidal 


_ Recommended initial content of the rauwolfia root 
dosage, | tablet three to 
| * Gradually leads to a moderate, ¢ 
duction in blood pressure. 


© Slows the heart rate moderately. 


crystalline 
alkaloid of Rauwolfias serpentina, credited 


n Mild, Labile Hypertension 


e Relieves symptoms of hypertension and e 
genders a feeling of tranquil well-being. 

® No acute or chronic toxicity, no toleranc 
known contraindications. 

Side effects usually mild occasionally drow. 
siness, nasal congestion, loose stools, head- 
ache, and dizziness. 

Dosage adjustment 
culties. 


This new subject and author index 


provides an invaluable aid for quick 
reference and review purposes to 


8,250 text pages. 


State...... 


The American Journal of Medicine for 
which I enclose $2.50 U.S.A.—$3.00 Foreign 


(New York City residents, add 3% sales tax) 


; * 
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ORDER FORM CD 
The American Journal of Medicine, inc. . 
49 West 45th Street, New York 36, N. Y. 
Please send me the new Five Year Index tuo ro 
CD 
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wide distribution in body tissues and fluigs-py 
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extensive experience of successfully 
treating many common infections due to susceptible 
gram-positive and gram-negative bacteria, rickettsiae, 


spirochetes, certain large ruses and protozoa, have 


of oxytetracycline 


choice 


PFIZER LABORATORIES, Brooklyn 6, N.Y. 
Division, Chas. Pfizer & Co., Inc. 


advantages of rapid absorption, 
J.) 
as a broad _ 


IN ATHLETE’ S FOOT... 
When Steps Must Be Taken 


SOPRONOL' 


PROPIONATE-CAPRYLATE COMPOUND 


the POWER of MILDNESS 


SOPRONOL 


Supplied: 
SOPRONOL Solution, 
bottles of 2 fluidounces 


SOPRONOL Ointment, 
tubes of 1 and 4 ounces 


SOPRONOL Powder 
shaker cans of 2 and 5 ounces 


® PHILADELPHIA 2, PA. 
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available on prescription only 


F % or 1 Quadrinal Tablet every 
3 or 4 hours, not more than 
three tablets a day. 


PARTICULAR EFFECT IN CHRONIC 


ASTHMA AND RELATED —, “" Each Quadrinal Tablet contains ephe- 


drine hydrochloride % gr. (24 mg.), 
phenobarbital % gr. (24 mg.), Phyllicin 
gigi (theophylline-calcium salicylate) 2 gr. 
i “ie (120 mg.), and potassium iodide 5 gr. 
(0.3 Gm.) 


Quadrinal Tablets ore marketed in bottles of 100, 500 and 1000. 


Quadrinal, Phyllicin. Trademarks E. Bilbuber, Ine. 
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“QUADRINAL TABLETS CONTAIN FOUR 
DRUGS, EACH SELECTED FOR ITS 
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NOW: for Adults and Children! 


PEDIATRIC 


First, under tongue for 
quick asthma relief 
from aludrine (Isopropyl arterenol) HCl in coating 
Then, swallow tablet for 


prolonged asthma control 
from theophylline, ephedrine, phenobarbital, contained in tablet core 


NEPHENALIN, the “relay-action” tablet combining two widely prescribed, 
complementary anti-asthmatics, is now available in two potencies: the familiar 
square, purple tablet for adults, and the smaller square, red tablet for children. 
Since a single NEPHENALIN tablet provides quick asthma relief, thereby often 
replacing the nebulizer, and since relief lasts about four hours, many asthmatic 
patients will find it the most convenient and efficient anti-asthmatic they 
have ever used. Bottles of 20 and 100 tablets. 


Thos. Leeming g Co-cInc. 155 East 44th St., New York 17 


| 
| 
| 
i? 


